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REMARKS 

Status of the Claims 

Applicant respectfully requests reconsideration of the present application in view of 
the foregoing amendments and in view of the reasons that follow. 

In the specification, paragraphs have been amended on pages 106, 108, 110, and 112. 

Claims 6, 33, 36 and 37 are currently being amended. 

This amendment adds, changes and/or deletes claims in this application. A detailed 
listing of all claims that are, or were, in the application, irrespective of whether the claim(s) 
remain under examination in the application, is presented, with an appropriate defined status 
identifier. 

Exemplary support for "phosphatase activity" in claims 6 and 33 is found in the 
specification on page 25, lines 20-22. Support for "catalytic domain" in claims 36 and 37 is 
found in the specification on page 10, lines 9-12. 

Upon entry of this Amendment, claims 6 and 33-37 will remain pending in the 
application. 

Issues Related to the Specification 

The Examiner objects to the Specification because it is unclear what "Flv" stands for 
in Tables 1-4. Applicants note that in Tables 1-4, the term "FLv" should be replaced with the 
term "FL." As stated in the description of Table 1 on page 105, lines 15-16, "TL/Caf refers 
to the length of the gene, with 'FL' indicating full length and 'Cat' indicating that only the 
catalytic domain is present." Additionally, the descriptions of Tables 2-4 (see page 107, line 
7, page 109, line 5, page 111, line 8) state "...are as described above for Table 1." Applicants 
have amended Tables 1-4 to state "FL" instead of "FLv." 
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Claim Objections 

The Examiner objects to claim 6 because it recites "( a )"> but absent "(b)" "(a)" is not 
needed. The Examiner also states that "TAK1" and "Ras" in claim 6 should be written out in 
full, followed by the abbreviation in parenthesis. Applicants have amended claim 6 to delete 
the term "(a)." Additionally, Applicants have deleted the terms "TAK1" and "Ras" from 
claim 6. 

The Examiner advises that should claim 34 be found allowable, claim 35 will be 
objected to under 37 C.F.R. § 1 .75 as being a substantial duplicate thereof. Applicants take 
note of the Examiner's statement. 

Claim Rejections - 35 U.S.C. § 101 

Claims 6 and 33-37 are rejected by the Examiner under 35 U.S.C. § 101 because the 
claimed invention is allegedly not supported by either a specific and substantial asserted 
utility or a well established utility. Applicants respectfully request reconsideration and 
withdrawal of the rejection. 

The Examiner notes Applicants' classification of SEQ ID NO: 8 as a serine threonine 
phosphatase and as "PP2C" phosphatase via their comparison of SEQ ID NO: 8 to a mouse 
putative PP2C sequence, namely GenBank GI 12850332. The Examiner states that GehBank 
GI 12850332 was replaced by a newer version (GI 26378394) that defines the polypeptide as 
an unnamed protein product. The Examiner asserts that a sequence search performed at the 
PTO did not reveal any homology between SEQ ID NO: 8 and a protein for which PP2C 
activity was demonstrated. 

In Applicants' August 21, 2003 Amendment, Applicants submitted an "NCBI 
Conserved Domain Search" analysis, which classifies the amino acid sequence of SEQ ID 
NO:8 as a bona fide PP2C serine/threonine phosphatase, and shows the "significant 
alignment" of SEQ ID NO:8 to other serine/threonine phosphatases. The Examiner asserted 
on page 14 of the outstanding Office Action that the NCBI Conserved Domain Search 
analysis was not persuasive because Applicants did not disclose the actual alignment, overall 
percent identity with the given sequences and whether they represent actual PP2Cs. In 
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response to the Examiner's assertion, Applicants submit, as Exhibit 1, the attached NCBI 
Conserved Domain Search analysis which shows the alignment of SEQ ID NO: 8 with 
sequences from the database, the overall percent identity between SEQ ID NO:8 and 
sequences from the database and that many of the sequences identified in the analysis are 
PP2Cs. Therefore, the amino acid sequence of SEQ ID NO:8 as a bona fide PP2C 
serine/threonine phosphatase. 

The Examiner further asserts that even accepting the plausible utility of the amino 
acid sequence of SEQ ID NO:8 being a PP2C, since there are at least six distinct PP2C gene 
products, one of ordinary skill in the art would not know which type of PP2C the present 
invention is directed to. Applicants respectfully disagree with the Examiner. Amended 
claims 6, 33, 36 and 37 and previously presented claims 34-35 recite the necessary structure 
or structure and function of the amino acid sequence so that a person of ordinary skill in the 
art would know which type of PP2C the present invention is directed to. 

Finally, the Examiner asserts that the specification does not disclose a specific 
function of the polypeptide of SEQ ID NO:8, its relationship to any disease, or any specific 
real world use. The Examiner asserts that it appears that the main utility of the polypeptide of 
SEQ ID NO:8 is to carry out further research. Applicants respectfully disagree with the 
Examiner. 

As discussed above and as evidenced by the attached NCBI Conserved Domain 
Search analysis (Exhibit 1), the polypeptide of the present invention is a bona fide PP2C 
polypeptide. The specification is replete with examples of the utility of such polypeptides 
and their relationship to diseases. See pages 16-19 of Applicants' August 21, 2003 
Amendment. For example, at page 64, lines 21-26 the specification states: 

"treatment may be effectuated to a wide range of diseases, 
including cancer, pathophysiological hypoxia, cardiovascular 
disorders, Papillon-Lefevre syndrome, Cowden disease, 
ectordermal dysplasia, Moebius syndrome, Bjornstad 
syndrome, Bannayan Zonana syndrome, schizophrenia and 
hamartomas. Of particular importance is treatment to various 
type of cancers. Accordingly, the present invention provides 
methods for treating pathologies, including breast cancer, 
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urogenital cancer, prostate cancer, head and neck cancer, lung 
cancer, synovial sarcomas, renal cell carcinoma, non-small 
cell lung cancer, hepatocellular carcinoma, pancreatic 
endocrine tumors, stomach cancer, gliobastoma, colorectal 
cancer, and thyroid cancer. " 

Furthermore, as described in the attached articles (Exhibits 2 and 3), there is an 
established relationship between PP2C and diseases, such as cancer. For example, Sanli et 
al. show a relationship between PP2C expression and apoptosis in breast cancer cells. 1 
Additionally, Kitamura et al. show a relationship between PP2C expression and 
hepatocarcinogenesis. 2 

For the reasons discussed above, the present invention is supported by both a specific 
and substantial asserted utility and a well established utility. 

Claim Rejections - 35 U.S.C. § 112, First Paragraph 

A. Rejection of claims 6 and 33-37 for allegedly failing to be supported by a 
specific and substantial utility or a well established utility. 

Claims 6 and 33-37 are rejected by the Examiner under 35 U.S.C. § 1 12, first 
paragraph for failing to be supported by a specific and substantial utility or a well established 
utility. As discussed above with respect to the Examiner's rejection under 35 U.S.C. § 101, 
claims 6 and 33-37 are supported by a specific and substantial utility and a well established 
utility. Therefore, Applicants respectfully request reconsideration and withdrawal of the 
rejection. 

B. Rejection of claims 6 and 33 for alleged lack of written description 

Claims 6 and 33 are rejected by the Examiner under 35 U.S.C. § 1 12, first paragraph 
for lack of written description. Applicants respectfully request reconsideration and 
withdrawal of the rejection. 



1 Sanli etal. Oncology Reports 10:2083-2088 (2003). 

2 Kitamura et al. Jpn. J. Cancer Res. 83:66-71 (1992). 
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The Examiner asserts that the phrase "wherein said polypeptide is involved in at least 
one of integrin signal transduction, the TAK1 signaling pathway, a cellular channel, a cyclin 
dependent kinase, and the Ras pathway" does not define the function of the polypeptide 
because "involvement" in a process does not define the function. Applicants respectfully 
disagree. However, in order to expedite prosecution, Applicants have deleted this phrase 
from claim 6. 

The Examiner asserts that claim 33 encompasses many functionally unrelated 
polypeptides. Applicants respectfully disagree. However, in order to expedite prosecution, 
Applicants have amended claim 33 to recite that the polypeptide has phosphatase activity. 
Additionally, Applicants have amended claim 33 so that the polypeptide does not lack the 
catalytic domain. 

C. Rejection of claims 6 and 33 for alleged lack of enablement 

The Examiner asserts that the specification does not reasonably provide enablement 
for a polypeptide having an amino acid sequence that is 90% identical to SEQ ID NO: 8 that is 
involved in various process and has an undefined activity. Applicants have amended claims 6 
and 33 to recite that the polypeptide has phosphatase activity. Applicants have also amended 
claim 33 so that the polypeptide retains the catalytic domain. Page 25, lines 20-22 of the 
specification state that "[phosphatase activity is preferably the interaction with a natural 
binding partner followed by removal of a phosphate from a phosphorylated substrate." A 
person of ordinary skill in the art could measure the phosphatase activity of the polypeptides 
using techniques well known in the art without undue experimentation in order to identify the 
claimed polypeptides. Assays involving measurement of phosphatase activity are described 
throughout the specification. See, e.g., page 24, line 25, through page 25, line 4. 

Claim Rejections - 35 U.S.C. § 112, Second Paragraph 

Claims 6, 33, 36 and 37 are rejected by the Examiner under 35 U.S.C. § 112, second 
paragraph as being allegedly indefinite. Applicants respectfully request reconsideration and 
withdrawal of the rejection. 
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The Examiner asserts that in claim 6, "involvement" in any process does not define 
the function. Applicants do not agree with the Examiner. However, in order to expedite 
prosecution, Applicants have deleted the term "involvement" from claim 6. 

The Examiner asserts that claim 33 recites "N terminal domain, a C terminal catalytic 
domain, a catalytic domain, a C terminal domain. . and that this phrase is indefinite because 
it is unclear what is the difference among these domains. Applicants respectfully disagree. 
The domains recited in claim 33 are described in detail in the specification on page 9, line 22, 
through page 12, line 22. The specification provides a description of the function of the 
domains {See, e.g., page 9, lines 23-27), the size of the domains (See, e.g., page 10, lines 10- 
11), and techniques that a person of ordinary skill in the art can use to identify the domains 
(See, e.g., page 11, lines 9-12). Therefore, a person of ordinary skill in the art would know 
which fragments of SEQ ED NO: 8 are encompassed by claim 33. 

Finally, the Examiner asserts that in claims 36 and 37, it is unclear whether any other 
phosphatase activity in addition to the protein phosphatase 2C activity is implied for 
fragments. Applicants have amended claims 36 and 37 to recite that the fragment comprises 
a catalytic domain. Support is found on page 10, lines 9-12 and page 25, lines 20-22. 

Claim Rejections - 35 U.S.C. $ 103 

Claims 6 and 33 are rejected by the Examiner under 35 U.S.C. § 103 as being obvious 
over Hillier et al. The Examiner asserts that Hillier et al. teach an mRNA that is similar to 
PP2C and that it would have been obvious to use this EST to produce the encoded PP2C 
polypeptide. Applicants respectfully request reconsideration and withdrawal of the rejection. 

In order to establish a prima facie case of obviousness, three basic criteria must be 
met. First, there must be some suggestion or motivation, either in the references themselves 
or in the knowledge generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be a reasonable expectation 
of success. Finally, the prior art references (or references when combined) must teach or 
suggest all the claim limitations. See MPEP 2142. The Examiner has failed to establish a 
prima facie case of obviousness because all three of the criteria have not been met. 
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The Examiner asserts that one of ordinary skill in the art would have been motivated 
to produce the encoded human protein in order to produce an antibody against it. However, 
in addition to there being no suggestion or motivation in Hillier for a person of ordinary skill 
in the art to transcribe and translate the described cDNA clone so as to produce a PP2C 
serine/threonine phosphatase protein, also, there is no suggestion or motivation in Hillier et 
al. for person of ordinary skill in the art to produce an antibody against the encoded protein. 

Moreover, the Court of Appeals for the Federal Circuit has found that a cDNA is not 
obvious even where the complete amino acid sequence for a protein is known. See, e.g., In 
Re Bell, 991 F2d 781 (CAFC 1993). Therefore, it cannot be the case that a novel protein 
sequence is rendered obvious because a much shorter EST exists in the prior art. 

The Examiner also asserts that one of ordinary skill in the art would have a reasonable 
expectation of success because the mRNA was defined as "similar to PP2C." At best, the 
Examiner is using an improper "obvious to try" standard. However, "'obvious to try 5 has 
long been held to not constitute obviousness." In re Deuel, 51 F.3d 1552, 1559, 34 USPQ2d 
1210 (Fed. Cir. 1995). 

With respect to claim 6, the Examiner asserts that Hillier et al. renders claim 6 
obvious because claim 6 does not require the sequence of the claimed polypeptide to be 90% 
identical over the entire SEQ ED NO:8. Applicants note that SEQ ID NO:8 comprises 459 
amino acids. As discussed above, a person of ordinary skill in the art would not have been 
motivated to transcribe and translate the described cDNA clone so as to produce a PP2C 
serine/threonine phosphatase protein. However, assuming arguendo that the cDNA clone of 
Hillier et al. was transcribed and translated, the resulting amino acid sequence would be about 
182 amino acids (the cDNA clone of Hillier et al. is 547 bp). Applicants note that an amino 
acid sequence that is 1 82 amino acids can not be 90% identical to an amino acid sequence 
which has 459 amino acids. 

CONCLUSION 

Applicant believes that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. 
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The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 
to Deposit Account No. 1 9-0741 . Should no proper payment be enclosed herewith, as by a 
check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or 
even entirely missing, the Commissioner is authorized to charge the unpaid amount to 
Deposit Account No. 19-0741. If any extensions of time are needed for timely acceptance of 
papers submitted herewith, Applicant hereby petitions for such extension under 37 C.F.R. 
§1.136 and authorizes payment of any such extensions fees to Deposit Account No. 19-0741. 



Respectfully submitted, 





FOLEY & LARDNER 
Customer Number: 22428 



22428 



Beth A. Burrous 
Attorney for Applicant 
Registration 35,087 



PATENT TRADEMARK OFFICE 



Telephone: (202)672-6475 
Facsimile: (202) 672-5399 
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21539551 1 qb|AAM53328 . 1 1 putative protein phosphatase typ. . . 


58 


5e- 


07 




qi 


38105092 |qb| EAA51559.il hypothetical protein MG03154.4 [... 


57 


7e- 


07 




qi 


9114991 1 Hhn 1 RAA1 QQQO 1 1 nhnc:nhflt3c;p 9P mot- 1 -F fHomn c-ani ptiqI 


R7 


o e 


H7 


n 

■a 


9 1 


1 P O Q £4 9 fl 1 rrh 1 AAT S 7 £> 1 1 AT S *3 1 4 0 /MPH fi fl f&rahi Hnnci q fh 
lOUoD'lZU | qu I t\r\Li D / ODD . J. | ni jy J Oil U/ rJE no 0 [ nidUluOpS X S ID. . . 


■J 0 


1 

le 


n £ 

U D 




qi 


7661862 | ref |NP 055449.11 protein phosphatase IF; partner... 


56 


le- 


06 


mm 

D 


qi 


20146110|dbi IBAB88944.1 | protein phosphatase 2C [Mesembr. . . 


56 


2e- 


06 




qi 


23506609 I qb IAAN37903. 1 | putative serine/threonine phosph. . . 


56 


2e- 


06 




qi 


228508 |prf| | 1805227A protein phosphatase 2C 


55 


2e- 


06 




qi 


9^*^^9991 1 ni r 1 IT ^9 "3 "3 7 nhncnhnnrni-oi n nhncnhaf aco frp T 1 


c c 


9o- 


n £ 

U 0 




qi 


15230495|ref |NP 190715.11 protein phosphatase 2C (PP2C) , . . . 


55 


2e- 


06 




qi 


6320198 | ref |NP 010278.11 serine-threonine protein phosph... 


55 


2e- 


06 




qi 
qi 


2137765 | pir | | 149016 phosphoprotein phosphatase (EC 3.1.3... 
6319415Iref |NP 009497.11 protein phosphatase type 2C; Pt . . . 


55 
55 


3e- 
3e- 


06 
06 


D 


qi 


2137695 |pir | | S65672 phosphoprotein phosphatase (EC 3.1.3... 


55 


3e- 


06 


D 


qi 


33859600 | ref |NP 035281.11 protein phosphatase IB, maqnes . . . 


55 


3e- 


06 


D 


qi 


27806079 | ref |NP 776855.11 protein phosphatase IB (former... 


55 


3e- 


06 


D 


qi 


18423476|ref |NP 568786.11 protein phosphatase 2C (PP2C) , . . . 


55 


3e- 


06 




qi 


30684431 | ref |NP 188351.21 protein phosphatase 2C (PP2C) ... 


55 


4e- 


06 




qi 


zox^^fiOfiircxiiNr f h ±v o f • i \ pioiciii piiubpiidUdbc uyps \ d * • . 


R4 


4 o- 

h e 


U D 


n 

U 


qi 


1 9 6 6 R 1 Q 1 omh 1 PAP9 ft 0 9 4 1 1 ni-nl- <=> -i n nhnc;nha1-ac;p 1 U9 S "3 VH^ 


R4 


4 d- 


n £ 

U D 


n 

■a 


qi 


16416087 | emb ICAB91227 .2 | related to Type 2C Protein Phos . . . 


54 


5e- 


06 




qi 


15081703|qb|AAK82506.1 | Atlq7 8200/T11I1 1 14 [ Arabidopsis . . . 


54 


5e- 


06 




qi 


32415453 | ref |XP 328206.11 Type 2C Protein Phosphatase re... 


54 


5e- 


06 




qi 


4 ^O^QQR 1 rof 1 MP flfl 9 ^Q7 1 t t-* r* r^+- o t n nhncnhafaco 1 R -i o o *F rm 

4 D \J D y y D | I/eX | IN c UUiD ? / . X 1 piOLclil pnUbpildLdbc XD loOIUIItl * ■ . 


S4 




U D 


n 

■a 


qi 


16223994 | qb | AAL1557 9 . 1 | hFEM-2 [Homo sapiens] 


54 


9e- 


06 


mm 
II 


qi 


20978304 | qb | AAM33411 . 1 | putative protein phosphatase PP2 . . . 


53 


le- 


05 




qi 


11282002 |pir| IT47644 protein phosphatase 2C-like protein... 


53 


le- 


05 




qi 


546853 | qb IAAB30830 . 1 1 Tpdlp=protein phosphatase 2C homol . . . 


53 


2e- 


05 




qi 


18416366|ref |NP 568237.11 protein phosphatase 2C (PP2C) ... 


52 


2e- 


05 





Alignments 



Get selected sequences Select all | { Deselect all 



□ > qi I 39573724 | ref |NP 945149.1| D protein phosphatase 2C eta isoform 2; protein pi 
[Mus musculus] 

qi | 37 704 7 69|qb|AAR01612.1 | D protein phosphatase 2C eta [Mus musculus] 
Length = 406 

Score - 704 bits (1816), Expect = 0.0 

Identities = 345/387 (89%), Positives = 366/387 (94%), Gaps = 3/387 (0%) 

Query: 7 6 IINAEKSEFNEDQAACGKLCIRRCEFGAEE--EWLTLCPEEFLTGHYWALFDGHGGPAAA 133 

+ INAEKSE FNE DQAACGKLC I RRCE FG EE EWLT+CPEEFLTGHYWALFDGHGGPAAA 
Sbjct : 20 VINAEKSE FNE DQAACGKLC I RRCE FGI EE DQEWLTVCPEEFLTGHYWALFDGHGGPAAA 7 9 

Query: 134 ILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEEKGIRAEDLVIGALE 193 

ILAANTLHSCLRRQLEAVVEG++A QPPMHL+GRC+CPSDPQFVEEKGI+AEDLVIGALE 
Sbjct: 80 ILAANTLHSCLRRQLEAVVEGMMAPQPPMHLSGRCVCPSDPQFVEEKGIQAEDLVIGALE 139 • 

Query: 194 SAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEF 253 

+AFQECD+VIGRELEASGQ+GGCTALVAV LQGKLY+ANAGDSRAILVRR EIR LS EF 
Sbjct: 140 NAFQECDDVIGRELEASGQVGGCTALVAVFLQGKLYVANAGDSRAILVRRHEIRQLSSEF 199 
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Query: 254 TPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKS 313 

TPETERQRIQQLAF YPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHM GWSYKRVEKS 
Sbjct: 200 TPETERQRIQQLAFTYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMRGWSYKRVEKS 259 

Query: 314 DLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLEL 37 3 

DLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDT+IQLKPFLLS+PQVTVLDV QL + 
Sbjct: 260 DLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTDIQLKPFLLS I PQVTVLDVHQLAV 319 

Query: 37 4 QEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQ-EDPHRFSKLAQMLIHSTQGKEDSLT 4 32 

QE+DVVVMATDGLWDVLSNEQVA LVRSFL GNQ +DPHRFS+LA+MLIH+TQGK++ T 
Sbjct: 320 QEEDVVVMATDGLWDVLSNEQVALLVRSFLTGNQKDDPHRFSELAKMLIHNTQGKDNGAT 379 

Query: 4 33 EEGQVSYDDVSVFVI PLHSQGQESSDH 459 

EGQVSYDDVSVFVIPLHSQ QE S H 
Sbjct: 380 GEGQVS YDDVSVFVI PLHSQAQEGSGH 406 



□ > qi | 2 6338027 | dbj | BAC32 699 . 1 | D unnamed protein product [Mus musculus] 

qi 1 2 6378394 | dbj 1 BAB28 67 9 . 2 | D unnamed protein product [Mus musculus] 

qi 1 34 84 9561 | qb| AAH5824 8 . 1 | D RIKEN cDNA 2810423019 [Mus musculus] 
Length = 306 

Score = 544 bits (1402), Expect = e-153 

Identities = 269/306 (87%), Positives = 288/306 (94%), Gaps = 1/306 (0%) 

Query: 155 LVATQPPMHLNGRCICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMG 214 

++A QPPMHL+GRC+CPSDPQFVEEKGI+AEDLVIGALE+AFQECD+VIGRELEASGQ+G 
Sbjct : 1 MIAPQPPMHLSGRCVCPSDPQFVEEKGIQAEDLVIGALENAFQECDDVIGRELEASGQVG 60 

Query: 215 GCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLA 274 

GCTALVAV LQGKLY+ANAGDSRAILVRR EIR LS EFTPETERQRIQQLAF YPELLA 
Sbjct: 61 GCTALVAVFLQGKLYVANAGDSRAILVRRHEIRQLSSEFTPETERQRIQQLAFTYPELLA 120 

Query: 275 GEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLA 334 

GEFTRLEFPRRLKGDDLGQKVLFRDHHM GWSYKRVEKSDLKYPLIHGQGRQARLLGTLA 
Sbjct: 121 GEFTRLEFPRRLKGDDLGQKVLFRDHHMRGWSYKRVEKSDLKYPLIHGQGRQARLLGTLA 180 

Query: 335 VSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQ 3 94 

VSRGLGDHQLRVLDT + IQLKPFLLS + PQVTVLDV QL +QE + DVVVMAT DGLWDVLSNEQ 
Sbjct: 181 VSRGLGDHQLRVLDTDIQLKPFLLS I PQVTVLDVHQLAVQEEDVVVMAT DGLWDVLSNEQ 240 

Query: 395 VAWLVRSFLPGNQ-EDPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVSVFVIPLHSQG 4 53 

VA LVRSFL GNQ +DPHRFS+LA+MLIH+TQGK++ T EGQVSYDDVSVFVIPLHSQ 
Sbjct: 241 VALLVRSFLTGNQKDDPHRFSELAKMLIHNTQGKDNGATGEGQVS YDDVSVFVI PLHSQA 300 

Query: 454 QESSDH 459 

QE S H 
Sbjct: 301 QEGSGH 306 



□ > qi | 2138 9471 | ref | NP_65324 2 . 1 1 D hypothetical protein FLJ32332 [Homo sapiens] 
qi 1 16552416 1 dbj | BAB71302 . 1 1 D unnamed protein product [Homo sapiens] 



Length 



= 270 



Score = 512 bits (1318), Expect « e-144 
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v 



Identities = 251/252 (99%), Positives = 252/252 (100%) 

Query: 162 MHLNGRCICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVA 221 

MHLNGRCICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVA 
Sb j ct : 1 MHLNGRCICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVA 60 

Query: 222 VSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLE 281 

VSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLE 
Sb j ct : 61 VSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLE 120 

Query: 282 FPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGD 341 

FPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGD 
Sbjct: 121 FPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGD 180 

Query: 342 HQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDWVMATDGLWDVLSNEQVAWLVRS 401 

HQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRS 
Sbjct: 181 HQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRS 24 0 

Query: 402 FLPGNQEDPHRF 413 

FLPGNQEDPHR+ 
Sbjct: 241 FLPGNQEDPHRY 252 



D > qi 1 16307111 1 qb I AAH0964 4 . 1 1 D FLJ32332 protein [Homo sapiens] 



Score = 499 bits (1286), Expect = e-140 

Identities = 247/247 (100%), Positives = 247/247 (100%) 

Query: 213 MGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPEL 272 

MGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPEL 
Sbjct : 1 MGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPEL 60 

Query: 273 LAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGT 332 

LAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGT 
Sbjct : 61 LAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGT 120 

Query: 333 LAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSN 392 

LAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSN 
Sbjct: 121 LAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVWMATDGLWDVLSN 180 

Query: 393 EQVAWLVRSFLPGNQEDPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVSVFVIPLHSQ 452 

EQVAWLVRSFLPGNQEDPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVSVFVIPLHSQ 
Sbjct: 181 EQVAWLVRSFLPGNQEDPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVSVFVIPLHSQ 240 

Query: 453 GQESSDH 459 

GQESSDH 
Sbjct: 241 GQESSDH 247 



□ > qi | 1285638 6 Idbj IBAB3064 9. 1 1 D unnamed protein product [Mus musculus] 



Score = 445 bits (1145), Expect = e-124 

Identities = 223/254 (87%), Positives = 235/254 (92%), Gaps = 1/254 (0%) 
Query: 207 LEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLA 2 66 



Length 



- 247 



Length = 254 
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LEA GQ+GGCTALVAV LQGKLY+ANAGDSRAILVRR EIR LS EFTPETERQRIQQLA 



Sbjct : 


1 


LEALGQVGGCTALVAVFLQGKLYVANAGDSRAILVRRHEIRQLSSEFTPETERQRIQQLA 


60 


Query: 


267 


FVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQ 


326 






F YPELLAGE TRLEFPRRLKGDDLGQKVLFRDHHM GWSYKRVEKSDLKYPLIHGQGRQ 




Sbjct: 


61 


FTYPELLAGELTRLEFPRRLKGDDLGQKVLFRDHHMRGWSYKRVEKSDLKYPLIHGQGRQ 


120 


Query: 


327 


ARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGL 


386 






ARLLGTLAVSRGLGDHQLRVLDT+IQLKPFLLS+PQVTVLDV QL +QE+DVVVMATDGL 




Sbjct: 


121 


ARLLGTLAVSRGLGDHQLRVLDTDIQLKPFLLSIPQVTVLDVHQLAVQEEDVVVMATDGL 


180 


Query: 


387 


WDVLSNEQVAWLVRSFLPGNQ-EDPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVSVF 


445 






WDVLSNEQVA LVRSFL GNQ +DPHRFS+LA+MLIH+TQGK++ T EGQVSYDDVSVF 




Sbjct: 


181 


WDVLSNEQVALLVRSFLTGNQKDDPHRFSELAKMLIHNTQGKDNGATGEGQVSYDDVSVF 


240 


Query: 


446 


VIPLHSQGQESSDH 459 








VIPLHSQ QE S H 




Sbjct: 


241 


VIPLHSQAQEGSGH 254 





□ > qi | 288927131 ref | NP 7 958 93. 1 | D RIKEN cDNA A430075L18 gene [Mus musculus] 

qi 1 2 6333637 | dbj 1 BAC30536 . 1 I D unnamed protein product [Mus musculus] 
Length = 469 

Score = 357 bits (917), Expect = 2e-97 

Identities = 206/433 (47%), Positives = 266/433 (61%), Gaps = 49/433 (11%) 



Query: 


30 


PYRRPRFLRGSSSSPGAADASRRPDSRPVRSPARGRTLPWNAGYAEIINAEKSEFNEDQA 


89 






PY RP FL S + S +RP+ R LPW GYAE+INA KS NEDQA 




Sbjct: 


40 


PYGRPEFL GLSQDEVECSADHIARPILILKETRRLPWATGYAEVINAGKSTHNEDQA 


96 


Query: 


90 


ACGKLCIR RCEFGAEEEWLTL CPEEFLTGHYWALFDGHGGPA 


131 






+C L ++ R ELL E ++ HYW+LFDGH G 




Sbjct: 


97 


SCEVLTVKKKAGTITSTPNRNSKRRSSLPNGEGLQLKENSESEGISCHYWSLFDGHAGSG 


156 


Query : 


132 


AAILAANTLHSCLRRQLEAVVEGL — VATQPPMHL NGRCIC 


170 






AA++A+ L + +QL+ +VE L A PP L +GR -f 




Sbjct: 


157 


AAVVASRLLQHHITQQLQDIVEILKNSAILPPTCLGEEPESTPAHGRTLTRAASLRGGVG 


216 


Query: 


171 


PSDP — QFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSL 


224 






PS P +F EK I E LVI GALES AF+E D I RE A GGCTAL+ V L 




Sbjct: 


217 


APGSPSTPPTRFFTEKKIPHECLVIGALESAFKEMDLQIERERSAYNISGGCTALIVVCL 


276 


Query: 


225 


QGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPR 


284 






GKLY+ANAGDSRAI++R EI P + S EFTPETERQR+Q LAF+ P LL EFT LEFPR 




Sbjct: 


277 


LGKLYVANAGDSRAIIIRNGEI IPMSSEFTPETERQRLQYLAFMQPHLLGNEFTHLEFPR 


336 


Query: 


285 


RLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQL 


344 






R++ +LG+K+L+RD +M+GW+YK +E DLK+PLI+G+G++AR++ T+ V+RGLGDH L' 




Sbjct: 


337 


RVQRKELGKKMLYRDFNMTGWAYKTIEDDDLKFPLIYGEGKKARVMATIGVTRGLGDHDL 


396 


Query: 


345 


RVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLP 


404 






+V D+NI +KPFL S P+V V D+ + E DDV+++ATDGLWDVLSNE+VA + FLP 




Sbjct : 


397 


KVHDSNI YIKPFLSSAPEVRVYDLSRYEHGADDVLILATDGLWDVLSNEEVAEAITQFLP 


456 


Query: 


405 


G-NQEDPHRFSKL 416 








+ +DPHRF L 




Sbjct: 


457 


NCDPDDPHRFVPL 4 69 
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□ > qi 129611652 | refjNP 082258.11 E protein phosphatase 2a, catalytic subunit, zeta 
musculus ] 

qi | 2 937 3411 | qb ] AAO7207 9 . 1 | IE protein phosphatase 2C zeta [Mus musculus] 
Length = 507 

Score = 335 bits (858), Expect = le-90 

Identities = 203/469 (43%), Positives = 274/469 (58%), Gaps = 33/469 (7%) 

Query: 12 PGEPLPAPRPPGPHASPVPYRRPRFLRGSSSSPGAADASRRPD--SRPVRSPA-RGRTLP 68 

PG + AP+ + V + RP FL+ SPG R D R V+SP GR LP 

Sbjct: 4 9 PGNQVGAPQ KTAT VS FSRPT FLQ LS PGGETLRRADDHAGRAVQS P PDTGRRLP 101 

Query: 69 WNAGYAEIINAEKSEFNEDQAACGKLCIR RCEFGAEEEWLTLCPEEFLTGHYWALF 124 

W+ GYAE+INA KS NEDQA C++ R G E + +YW LF 

Sbjct: 102 WSTGYAEVINAGKSRHNEDQACCEVVYVESRRSRSVTGVSRE PSHNQGFCFYYWGLF 158 

Query: 125 DGHGGPAAAILAANTLHSCLRRQLEAVVEGL VATQPPMHLNGRCICPSDPQFVE — 178 

DGH G AA +A+ LH +R QL+ +VE L G PS Q V 

Sbjct: 159 DGHAGGGAAEMASRLLHRHIREQLKDLVEILKDPLPPPLCLPSTPGTPGAPSPSQLVSPQ 218 

Query: 179 EKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANA 233 

+K + + L++GA+E+AF DE + RE GGC ALV + L GK+Y+ANA 

Sbjct: 219 SCWSPQKEVTHDSLIVGAIENAFHLMDEQMARERRGHQVEGGCCALVVLYLLGKMYVANA 278 

Query: 234 GDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQ 2 93 

GDSRAI+VR EI P+S EFTPETERQR+Q L F+ PELL EFT LEFPRR++ +LGQ 
Sbjct: 279 GDSRAIIVRNGEIIPMSREFTPETERQRLQLLGFLKPELLGSEFTHLEFPRRVQPKELGQ 338 

Query: 2 94 KVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQL 353 

++L+RD +M+GW+YK++E DL++PL+ G+G++AR++ T+ V+RGLGDH L+V + + + 
Sbjct: 339 RMLYRDQNMTGWAYKKIEVEDLRFPLVCGEGKKARVMATIGVTRGLGDHNLKVCSSTLSI 398 

Query: 354 KPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQ-EDPHR 412 

KPFL P+V V D+ Q E DDV+V+ TDGLWDV ++ +VA V L + DP R 
Sbjct: 399 KPFLSCFPEVRVYDLTQYEHCPDDVLVLGTDGLWDVTNDSEVAATVDRVLSSYEPNDPSR 458 

Query: 413 FSKLAQMLIHSTQG KEDSLTEEGQVSYDDVSVFVIPLHSQGQESS 457 

++ LAQ L+ +G + L S DD+SVFVIPL G S 

Sbjct: 459 YTALAQALVLGARGIPRDRGWRLPNNKLGSGDDISVFVIPLGGPGSSYS 507 



D > qi 1338733191 qb | AAH118Q3 . 2 | H MGC19531 protein [Homo sapiens] 
Length = 488 

Score = 334 bits (857), Expect = 2e~90 

Identities = 202/452 (44%), Positives = 269/452 (59%), Gaps = 39/452 (8%) 

Query: 31 YRRPRFLRGSSSSPGAADASRRPDSRPVRS PA-RGRTLPWNAGYAEIINAEKSEFNEDQA 89 

+ RP FL+ SPG + R V+SP GR LPW+ GYAE+INA KS NEDQA 

Sbjct: 50 FSRPTFLQ LS PGGLRRADDHAGRAVQS PPDTGRRLPWSTGYAEVINAGKSRHNEDQA 10 6 

Query: 90 ACGKLCI--RRCEFGAEEEWLTLCPE--EFLTGHYWALFDGHGGPAAAILAANTLHSCLR 145 

C++RR G E P +L +YW LFDGH G AA +A+ LH +R 

Sbjct: 107 CCEVVYVEGRRSVTGVPRE PSRGQGLCFYYWGLFDGHAGGGAAEMASRLLHRHIR 161 
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Query: 14 6 RQLEAVVE GLVATQPPMHLNGRCICPSDPQFVEEKGIRAEDLVI 18 9 

QL+ +VE G +PHLG CS +K+E LV+ 

Sbjct: 162 EQLKDLVEILQDPSPPPLCLPTTPGTPDSSDPSHLLGPQSCWS SQKEVSHESLVV 216 

Query: 190 GALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPL 249 

GA+E+AFQ DE + RE GGC ALV + L GK+Y+ANAGDSRAI+VR EI P+ 

Sbjct: 217 GAIENAFQLMDEQMARERRGHQVEGGCCALVVI YLLGKVYVANAGDSRAI I VRNGEI I PM 27 6 

Query: 250 SFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKR 309 

S EFTPETERQR+Q L F+ PELL EFT LEFPRR+ +LGQ++L+RD +M+GW+YK+ 
Sbjct: 277 SREFTPETERQRLQLLGFLKPELLGSEFTHLEFPRRVLPKELGQRMLYRDQNMTGWAYKK 336 

Query: 310 VEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVD 369 

+ E DL++PL+ G+G++AR++ T+ V+RGLGDH L+V + + +KPFL P+V V D+ 
Sbjct: 337 IELEDLRFPLVCGEGKKARVMATIGVTRGLGDHSLKVCSSTLPIKPFLSCFPEVRVYDLT 396 

Query: 37 0 QLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPH-RFSKLAQMLIHSTQGKE 4 28 

Q E DDV+V+ TDGLWDV ++ +VA V L + + H R++ LAQ L+ +G 
Sbjct: 397 QYEHCPDDVLVLGTDGLWDVTTDCEVAATVDRVLSAYEPNDHSRYTALAQALVLGARGTP 456 

Query: 429 DS LTEEGQVS YDDVSVFVI PLHSQGQES 456 

L S DD+SVFVIPL G S 

Sbjct: 457 RDRGWRLPNNKLGSGDDISVFVIPLGGPGSYS 488 



□ > qi 131127152 | qb I AAH52 910 . 1 1 Unknown (protein for IMAGE : 3007 5932 ) [Mus musculus] 
Length = 424 

Score = 332 bits (850), Expect = le-89 

Identities - 182/368 (49%), Positives - 245/368 (66%), Gaps = 32/368 (8%) 



Query: 


114 


EFLTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGL--VATQPPMHL 


164 






E + + HYW+LFDGH G AA++A+ L + +QL+ +VE L A PP L 




Sbjct : 


50 


EGISCHYWSLFDGHAGSGAAVVASRLLQHPITQQLQDIVEILKNSAILPPTCLGEEPEST 


109 


Query: 


165 


--NGRCIC PSDP--QFVEEKGIRAEDLVIGALESAFQECDEVIGRE 


206 






+GR + PS P +F EK I E LVIGALESAF+E D I RE 




Sbjct: 


110 


PAHGRTLTRAASLRGGVGAPGSPSTPPTRFFTEKKIPHECLVIGALESAFKEMDLQIERE 


169 


Query: 


207 


LEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLA 


266 






A GGCTAL+ V L GKLY+ANAGDSRAI++R EI P+S EFTPETERQR+Q LA 




Sbjct: 


170 


RSAYNISGGCTALIVVCLLGKLYVANAGDSRAIIIRNGEI IPMSSEFTPETERQRLQYLA 


229 


Query : 


267 


FVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQ 


326 






F+ P LL EFT LEFPRR++ +LG+K+L+RD +M+GW+YK +E DLK+PLI+G+G++ 




Sbjct: 


230 


FMQPHLLGNEFTHLEFPRRVQRKELGKKMLYRDFNMTGWAYKTIEDDDLKFPLIYGEGKK 


289 


Query : 


327 


ARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGL 


386 






AR++ T+ V+RGLGDH L+V D+NI +KPFL S P+V V D+ + E DDV+++ATDGL 




Sbjct: 


290 


ARVMATIGVTRGLGDHDLKVHDSNIYIKPFLSSAPEVRVYDLSRYEHGADDVLILATDGL 


349 


Query: 


387 


WDVLSNEQVAWLVRSFLPG-NQEDPHRFSKLAQMLIHSTQG KEDSLTEEGQVSYDD 


441 






WDVLSNE+VA + FL + +DPHR++ AQ L+ +G + ++ + S DD 




Sbjct: 


350 


WDVLSNEEVAEAITQFLLNCDPDDPHRYTLAAQDLVMRARGVLKDRGWRISNDRLGSGDD 


409 


Query : 


442 


VSVFVIPL 44 9 








+SV+VIPL 




Sbjct: 


410 


ISVYVIPL 417 
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□ > qi 1 34 859725 | ref 1XP 215663.21 D similar to protein phosphatase 2C zeta [Rattus r 
Length = 530 

Score = 327 bits (838), Expect = 3e-88 

Identities = 203/491 (41%), Positives - 278/491 (56%), Gaps = 56/491 (11%) 

Query: 13 GEPLPAPRPPGPHASPVPYRRPRFLRGSSSSPGAADASRRPDSRPVRSPA-RGRTLPWNA 71 

G +PAP+ + PV + RP FL+ SPG + R V+SP GR LPW+ 

Sbjct : 50 GNEIPAPQKTA--ETPVSFSRPTFLQ LSPGGLRRADDHVGRAVQSPPDTGRRLPWST 104 

Query: 72 GYAEIINAEKSEFNEDQAACGKLCI — RRCEFGAEEEWLTLCPEEFLTGHYWALFDGHGG 129 

GYAE+INA KS NEDQA C++RRGE ++ +YW LFDGH G 

Sbjct: 105 GYAEVINAGKSRHNEDQACCEVVYVESRRSITGVSRE PSHNQGFSFYYWGLFDGHAG 161 

Query: 130 PAAAILAANTLHSCLRRQLEAVVEGL VATQPPMHLNGRCICPSDPQFV 177 

AA +A+ LH +R QL+ +VE L P + + + P + 

Sbjct: 162 GGAAEMASRLLHRHIREQLKDLVEILQDPLPPPLCLPSTPGTPGVSSPSQLVSPQ--SWS 219 

Query: 178 EEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDS- 236 

+K + + LV+GA+E+AFQ DE + RE GGC ALV V L GK+Y+ANAGDS 

Sbjct: 220 PQKEVTHDSLVVGAIENAFQLMDEQMARERRGHLVEGGCCALVVVYLLGKMYVANAGDSS 279 

Query: 237 RAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPE 271 

RAI+VR EI P+S EFTPETERQR+Q L F+ PE 
Sbjct: 280 PPAWNSPLCMNFSEKARSKSFLSLGRAIIVRNGEIIPMSREFTPETERQRLQLLGFLKPE 339 

Query: 272 LLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLG 331 

LL EFT LEFPRR++ +LGQ++L+RD +M+GW+YK++E DL++PL+ G+G++AR++ 
Sbjct: 340 LLGSEFTHLEFPRRVQPKELGQRMLYRDQNMTGWAYKKIELEDLRFPLVCGEGKKARVMA 399 

Query: 332 TLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLS 391 

T + V+RGLGDH L+V + + +KPFL P+V V D+ Q E DDV+V+ TDGLWDV + 
Sbjct: 400 TIGVTRGLGDHNLKVCSSTLPIKPFLSCFPEVRVYDLTQYEHCPDDVLVLGTDGLWDVTN 459 

Query: 392 NEQVAWLVRSFLPGNQ-EDPHRFSKLAQMLIHSTQG KEDSLTEEGQVSYDDVSVFV 446 

+ +VA V L + DP R++ LAQ L+ +G + L S DD+SVFV 

Sbjct: 4 60 DSEVAATVDRVLSTYEPNDPSRYTALAQALVLGARGIPRDRGWRLPNNKLGSGDDISVFV 519 

Query: 447 IPLHSQGQESS 457 

IPL G S 
Sbjct: 520 IPLGGPGSSYS 530 



□ > qi I 34 52 6234 | dbj 1 BAC852 0 6 . 1 1 unnamed protein product [Homo sapiens] 
Length = 169 

Score = 311 bits (796), Expect = 2e-83 

Identities = 155/156 (99%), Positives = 155/156 (99%) 

Query: 304 GWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQV 363 

G SYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQV 
Sbjct: 14 GRSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQV 73 

Query: 364 TVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQMLIHS 423 

TVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQMLIHS 
Sbjct : 74 TVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQMLIHS 133 
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Query: 424 TQGKEDSLTEEGQVSYDDVSVFVIPLHSQGQESSDH 459 

TQGKEDSLTEEGQVSYDDVSVFVIPLHSQGQESSDH 
Sbjct: 134 TQGKEDSLTEEGQVSYDDVSVFVIPLHSQGQESSDH 169 



□ > qi| 39930533|ref |NP 005158.41 D hypothetical protein MGC19531 [Homo sapiens] 
qi 1 11360166|pir | 1 T434 42 hypothetical protein DKFZp4 34P1514 . 1 - human 

qi I 6599183 I emb|CAB637 64 . 1 [ D hypothetical protein [Homo sapiens] 
Length = 299 

Score = 271 bits (692), Expect = 3e-71 

Identities = 141/287 (49%), Positives = 192/287 (66%), Gaps - 5/287 (1%) 

Query: 175 QFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAG 234 

Q + K + E LV+GA+E+AFQ DE + RE GGC ALV + L GK+Y+ANAG 

Sbjct : 13 QLKDLKEVSHESLVVGAIENAFQLMDEQMARERRGHQVEGGCCALWIYLLGKVYVANAG 7 2 

Query: 235 DSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQK 2 94 

DSRAI+VR EI P+S EFTPETERQR+Q L F+ PELL EFT LEFPRR+ +LGQ+ 
Sbjct: 73 DSRAIIVRNGEIIPMSREFTPETERQRLQLLGFLKPELLGSEFTHLEFPRRVLPKELGQR 132 

Query: 2 95 VLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLK 354 

+L+RD +M+GW+YK++E DL++PL+ G+G++AR++ T+ V+RGLGDH L+V + + +K 
Sbjct: 133 MLYRDQNMTGWAYKKIELEDLRFPLVCGEGKKARVMATIGVTRGLGDHSLKVCSSTLPIK 192 

Query: 355 PFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPH-RF 413 

PFL P+V V D+ Q E DDV+V+ TDGLWDV ++ +VA V L + + H R+ 
Sbjct: 193 PFLSCFPEVRVYDLTQYEHCPDDVLVLGTDGLWDVTTDCEVAATVDRVLSAYEPNDHSRY 252 

Query: 414 SKLAQMLIHSTQGKEDS LTEEGQVSYDDVSVFVI PLHSQGQES 456 

+ LAQ L+ +G L S DD+SVFVIPL G S 

Sbjct: 253 TALAQALVLGARGTPRDRGWRLPNNKLGSGDDISVFVIPLGGPGSYS 299 



□ > qi | 17539110 I ref I NP 502329 . 1 1 D protein phosphatase 2C-like (4N30) [Caenorhabdit 
qi I 7497315 |pir 1 IT32903 hypothetical protein C42C1.2 - Caenorhabditis elegans 
qi 128044291 qb I AAB97 54 4 . 1 1 Hypothetical protein C42C1.2 [Caenorhabditis elegans] 
Length = 582 

Score = 261 bits (666), Expect = 2e-68 

Identities = 178/509 (34%), Positives = 261/509 (51%), Gaps = 93/509 (18%) 

Query: 30 PYRRPRFLRGSSSSPG-AADASRRPDSRPVRSPARGRTLPWNAGYAEIINAEKSEFNEDQ 88 

PY RP FL S ++D S RP P R P R + P GYAE INA K+ NEDQ 
Sbjct : 56 PYSRPEFLYFSEEEIALSSDHSVRPVLCP-RFPHR MPLYVGYAEAINAGKTVQNEDQ 111 

Query: 8 9 AACGKLCIRRCE FGAEEE WLTLCPEEF 115 

A+ L + + + F ++E+ +L + E+ 

Sbjct: 112 ASAKMLVLTQHQGNEMNGFSSDEKKSETRKRNSNENDDDPMLTPGGDDTVSYLNVVNEKS 171 

Query: 116 LTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLN 165 

G ++LFDGH G A A++A+ LH ++ +L V++ +LN 
Sbjct: 17 2 SMFAPRADGALFSLFDGHAGSAVAVVASKCLHEHVKSRLCEVLDTILHMDRHENLNFGKH 231 

Query: 166 — GRCICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVS 223 

S+ +E IR+E LV GALE+AF + DE I ++ + GGC + + 
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Sbjct: 232 RSESSYSMSEMSREDENRIRSEHLVKGALETAFLDMDEQIAQDKQVWRLPGGCAVISVLV 2 91 

Query: 224 LQGKLY MANAGDSRAILVRRDEIRPL 24 9 

GKLY ++NAGD RAILV D R L 

Sbjct: 292 FLGKLYIGGDFKNFFELSEGCHITIFPNSINVEKINNTRKLSNAGDCRAILVTSDGSRAL 351 

Query: 250 SFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKR 309 

S + TP +ER+R+Q+LA+ PEL+ F+RLE+ +RL DL +VL+RD M GW+ K 
Sbjct: 352 SKDLTPASERKRLQELAYRNPELIGNSFSRLEYSKRLTIHDLKSRVLYRDWFMDGWAVKT 411 

Query: 310 VEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDV- 368 

V++ DL+ LI R+ RLL T+ VSRG GDH L +D + +KPFL +VP+++V ++ 
Sbjct: 412 VKECDLRPSLISETSRKKRLLNTIGVSRGFGDHHLLTVDERLSIKPFLSAVPEISVTNLR 471 

Query: 369 DQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFL-PGNQEDPHRFSKLAQMLIHSTQGK 427 

D L + DVV++A+DGLWDVLSNE +VRS L + DP R+++ AQ L+ + +G+ 
Sbjct: 472 DMNTLTDKDVVIVASDGLWDVLSNEDAGLIVRSTLGSTDSADPSRYTQAAQDLVAAARGQ 531 

Query: 428 EDS LTEEGQVSYDDVSVFVIPL 449 

+ S + G SYDD++VFVIPL 

Sbjct: 532 QASGNLKRWVMNTGGHASYDDITVFVIPL 560 



□ > qi | 312038 61 | ref | XP 31087 9 . 1 | ENSANGP00000008051 [Anopheles gambiae] 
qi | 301779941 qb | EAAO 6421.2 | ENSANGP00000008051 [Anopheles gambiae str. PEST] 
Length = 42 9 

Score = 256 bits (654), Expect = 6e-67 

Identities = 161/439 (36%) , Positives = 243/439 (55%), Gaps = 36/439 (8%) 

Query: 31 YRRPRFLRGSSSSPGAADASRRPDSRPVRSPARGRTLPWNAGYAEIINAEKSEFNEDQAA 90 

Y RP FL+ + A A + RP+ P LPW+ GYAE +N+ KS++NEDQAA 

Sbjct: 6 YARPPFLQLLTYDELKASADH — NVRPI IVPRDISLLPWSTGYAECVNSGKSKWNEDQAA 63 

Query: 91 CGKLCIRRCEFGAEEEWLTLCPEEFLTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEA 150 

+ + + L Y+ ++DGH G AA+ AAN H L +L 

Sbjct: 64 FHRQVLSHPSRQYHD LPYTYFGIYDGHAGYGAALAAANQFHYILHEKLVD 113 

Query: 151 VVEGLVATQPPMHLNG RC IC PS DPQFVEEKGIRAEDLVI GALES AFQECDEVIGR 205 

V++ L+ P + +G P F K + ++L++GALE+AF + D V+ 

Sbjct: 114 VIDLLM PRVEGDGGGLALHATLPHPSLF--HKQVSKDELIVGALEAAFADMDAVLAE 168 

Query: 206 ELEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQL 2 65 

+ + GGCTALVA+ + GKL++ANAGDSR +L +R P SF+ TP+TER R+ + 

Sbjct: 169 DRDKYRNAGGCTALVALFILGKLFVANAGDSRGVLCKRVVAEPCSFDHTPDTERSRLLTV 228 

Query: 266 AFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGR 325 

P LL GE+ +E+ ++ DLG ++L+R M GW+YK + +DLK PLI G G+ 
Sbjct: 22 9 GKHNPALLGGE YI AMEYAKKPTTKDLGARI LYRQGAMKGWT YKTLTATDLKI PLITGVGK 288 

Query: 32 6 QARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDD 37 7 

++RLLGT+ V+RG GDH L+ L +N+ +KPFL + P V D+ Q+ + D 
Sbjct: 289 RSRLLGTIGVTRGFGDHDLKALGSNLPIKPFLSAHPDVVCFDLAQVRSEPADENSDGEYG 348 

Query: 378 VVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQMLIHSTQGKEDS L 431 

++VMATDGLWDV ++QVA V L + HR++ +AQ L+ ++G+ + 

Sbjct: 34 9 ILVMATDGLWDVSESQQVANTVFGTLKRFPAERHRYTMVAQELVARSRGRANESGHWRLS 4 08 

Query: 432 TEEGQVSYDDVSVFVIPLH 450 
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+ DD+SV VIP+H 
Sbjct: 409 DSRAAATVDDISVIVIPVH 427 



□ > qi 1 1992042 61 ref I NP 608 4 68 .1 1 D CG17598-PA [Drosophila melanogaster ] 

qi| 179442151 qb | AAL 4 8002.11 D GM14138p [Drosophila melanogaster] 

qi I 22832704 | qb | AAF5094 4 . 2 1 D CG17598-PA [Drosophila melanogaster] 
Length = 651 

Score = 255 bits (651), Expect = le-66 

Identities = 165/467 (35%), Positives = 247/467 (52%), Gaps = 53/467 (11%) 

Query: 24 PHASPVPYRRPRFLRGSSSSPGAADASRRPDSRPVRSPARGRTLPWNAGYAEIINAEKSE 83 

P PY RP FL+ +P AS + RP+ P LPW GYAE +N+ KSE 

Sbjct : 52 PMPDKFPYARPPFLQ--LLTPDELRASADHNVRPIIVPRDINLLPWGTGYAECVNSGKSE 109 

Query: 84 FNEDQAACGKLCIRRCEFGAEEEWLTLCPEEFLTGHYWALFDGHGGPAAAILAANTLHSC 143 

+NEDQ A + + E + L Y+ +FDGH G AA+ A++ H 

Sbjct: 110 WNEDQGAFCRQVLSDPEHKHPD LPYTYFGIFDGHAGYGAALAASHQFHHI 159 

Query: 144 LRRQLEAVVEGLV ATQPPMHLNGRCICPSDPQFVE-EKGIRAEDLVIGALESAFQEC 199 

L +L + E L+ A G + P+ P + + + + ++L+IGALESAF 

Sbjct: 160 LHEKLVDCLELLLPRDADATNGGGEGNKLNPTFPHPIYFQRRVTKDELIIGALESAFFNM 219 

Query: 200 DEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRR 243 

D +1 ++ + GGCTA V++ + GK+Y+ANAGDSRA+L +R 

Sbjct: 220 DSLIAQDCDRYRDAGGCTACVSLFIDGKMYVANAGDSRAVLCQRRATPERPQTNTDSGIE 27 9 

Query: 244 -DEIR PLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVL 296 

D + P S + TPETER+R+ +A + P L+ + +E+ +R D+GQ++L 

Sbjct: 280 PDPLEASCYPVPFSADHTPETERERLLNVARLKPHLMGKHYVAMEYAKRPHIKDMGQRIL 339 

Query: 297 FRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 

R M GW+YK + DL P+++G+G+++RLLGTL V+RG GDH+L ++T IQ+KPF 
Sbjct: 340 CRQGTMRGWTYKTLTMEDLCMPVVNGEGKRSRLLGTLGVTRGFGDHELLAINTGIQIKPF 399 

Query: 357 LLSVPQVTVLDVDQLELQEDD VVVMATDGLWDVLSNEQVAWLVRSFLPGNQE 4 08 

L P V D+ Q+ D+ V+VMATDGLWDV N+ V+ V L 

Sbjct: 400 LTPHPDVRQRDLTQVVSIPDEDNRDGDYGVLVMATDGLWDVSENDAVSRTVFQTLSKYST 459 

Query: 409 DPHRFSKLAQMLIHSTQGK-EDS LTEEGQVS YDDVSVFVI PL 449 

+ HR++ +AQ L+ +GK DS + + DD+SV VIP+ 

Sbjct: 460 EKHRYTMVAQELVARARGKINDSGHWRLADSKAAATVDDISVIVIPV 506 



□ > qi 1324 207 7 | emb } CAA0587 5 . 1 1 protein phosphatase 2C [Arabidopsis thaliana] 
Length = 511 

Score = 89.4 bits (220), Expect = le-16 

Identities - 88/352 (25%), Positives = 153/352 (43%), Gaps = 96/352 (27%) 

Query: 116 LTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQ 175 

LTGH++ ++DGHGG A + LH L ++E + + L C + 

Sbjct: 234 LTGHFFGVYDGHGGHKVADYCRDRLHFALAEEIERIKDEL CKRNTG 27 9 

Query: 17 6 FVEEKGIRAEDLVIGALESAFQECDEVIGRE LEA-SGQMGGCTALVAVSLQG 22 6 

E+++++ + E+ IGR LEA + + G TA+VA+ 
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Sbjct: 280 — EGRQVQWDKVFTSCFLTVDGEIEGKIGRAVVGSSDKVLEAVASETVGSTAVVALVCSS 337 

Query: 227 KLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRL 286 

+ ++N GDSRA+L R E PLS + P+ E E+ R+E 
Sbjct: 338 HIVVSNCGDSRAVLFRGKEAMPLSVDHKPDRE DEYARIE 37 6 

Query: 287 KGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRV 346 

+ G KV+ Q + AR+ G LA+SR +GD L 

Sbjct: 377 NAGGKVI QWQGARVFGVLAMSRSIGDRYL-- 405 

Query: 347 LDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRS--FLP 404 

KP+++ P+VT + +ED+ +++A+DGLWDV++N++V + R + 

Sbjct: 4 06 KPYVIPEPEVTFMP RSREDECLILASDGLWDVMNNQEVCEIARRRILMW 4 54 

Query: 405 GNQEDPHRFSKLAQMLIHSTQGKEDSLT EEGQVSYDDVSVFVIPLHSQ 452 

+ ++ + + + Q D L+ ++G S D++S + VI L +Q 

Sbjct: 455 HKKNGAPPLAERGKGI DPACQAAADYLSMLALQKG — SKDNIS I I VI DLKAQ 504 



□ > qi I 77 68151 1 emb I CAB90633 . 1 I protein phpsphatase 2C { PP2C) [Fagus sylvatica] 
Length = 413 

Score = 88.2 bits (217), Expect = 3e-16 

Identities = 94/373 (25%), Positives = 154/373 (41%), Gaps = 96/373 (25%) 

Query: 94 LCIRRCEFGAEEEWLTLCPEEFLTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVE 153 

+C RR E E+ + + + P H+ + +FDGHG A+ + LH ++ ++E+V E 

Sbjct: 126 VCGRRREM EDAVSVHPSVSNNFHFFGVFDGHGCSHVAMRCRDRLHDIVKEEVESVTE 182 

Query: 154 GLVATQPPMHLNGRCIC PS DPQFVEEK-GIRAEDLVIGALESAFQECDEVIGRELEAS GQ 212 

G+ R D+E+I++ + +CD V 
Sbjct: 183 GMEWKDTMEKS FDRM DKEVQEWRVPIKTTNC RCDVQTPQCDAV 225 

Query: 213 MGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPEL 272 

G TA+VA+ K+ ++N GDSRA+L R PLS + P+ P+ 
Sbjct: 226 — GSTAVVAIVTPEKIIVSNCGDSRAVLCRNGVAFPLSSDHKPDR PD- 270 

Query: 273 LAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGT 332 

E R++ D G +V++ D AR+LG 
Sbjct: 271 ELVRIQ DAGGRVIYWD GARVLGV 2 93 

Query: 333 LAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSN 392 

LA+SR +GD+ L KP+++S P+VT+ D ED+ +++A+DGLWDV+SN 

Sbjct: 2 94 LAMSRAIGDNYL KPYVISEPEVTITD RTAEDECLILASDGLWDVVSN 34 0 

Query: 393 EQVAWLVRSFLPGNQEDPHRFSKLAQMLIHSTQGKEDSLTEEGQV SYDDV 442 

E+RL + SM + + D++ S D+V 

Sbjct: 341 ET ACGVARMCLRAQKP S S P PRS PGN DMAVG AAS ES S DKAC S DAS I LLTKLALARH S T DNV 400 

Query: 443 SVFVIPLHSQGQE 455 

SV V+ L Q+ 
Sbjct: 401 SVVVVDLRRNHQQ 413 



D > qi 1306853881 re f|NP 173199.21 protein phosphatase 2C (PP2C) -related [Arabidops: 
Length = 511 
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Score = 88.2 bits (217), Expect = 3e-16 

Identities = 80/288 (27%), Positives = 131/288 (45%), Gaps = 73/288 (25%) 

Query: 115 FLTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDP 174 

+LT H++ ++DGHGG A + +HS L ++E + E L GR + + 

Sbjct: 232 YLTSHFFGVYDGHGGAQVADYCHDRIHSALAEEIERIKEELCRRNTG EGRQV-QWEK 287 

Query: 175 QFVEEKGIRAEDLVIGAL-ESAFQECDEVIGRELEA-SGQMGGCTALVAVSLQGKLYMAN 232 

FV-h ++ +D V G + D ++ LEA S + G TA+VA+ + ++N 

Sbjct: 288 VFVDCY-LKVDDEVKGKINRPVVGSSDRMV LEAVSPETVGSTAVVALVCSSHI IVSN 343 

Query: 233 AGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLG 292 

GDSRA+L+R + PLS + P+ E + 
Sbjct: 34 4 CGDSRAVLLRGKDSMPLSVDHKPDREDE 371 

Query: 293 QKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQ 352 

Y R+EK+ K +1 QG AR+ G LA+SR +GD 
Sbjct: 372 YARIEKAGGK — VIQWQG--ARVSGVLAMSRSIGDQ Y 404 

Query: 353 LKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVR 400 

L+PF++ P+VT + +ED+ +++A+DGLWDV+SN++ R 

Sbjct: 4 05 LEPFVIPDPEVTFMP RAREDECLILASDGLWDVMSNQEACDFAR 4 48 



□ > qi | 2 64 52332 | dbj | BAC4 3252 . 1 | unknown protein [Arabidopsis thaliana] 
Length = 511 

Score = 88.2 bits (217), Expect = 3e-16 

Identities = 80/288 (27%), Positives = 131/288 (45%), Gaps = 73/288 (25%) 

Query: 115 FLTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDP 174 

+LT H++ ++DGHGG A + +HS L ++E + E L GR + + 

Sbjct: 232 YLTSHFFGVYDGHGGAQVADYCHDRIHSALAEEIERIKEELCRRNTG EGRQV-QWEK 287 

Query: 175 QFVEEKGIRAEDLVIGAL-ESAFQECDEVIGRELEA-SGQMGGCTALVAVSLQGKLYMAN 232 

FV+ ++ +D V G + D ++ LEA S + G TA+VA+ + ++N 

Sbjct: 288 VFVDCY-LKVDDEVKGKINRPVVGSSDRMV LEAVSPETVGSTAVVALVCSSHI IVSN 343 

Query: 233 AGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLG 292 

GDSRA+L+R + PLS + P+ E + 
Sbjct: 34 4 CGDSRAVLLRGKDSMPLSVDHKPDREDE 371 

Query: 2 93 QKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQ 352 

Y R+EK+ K +1 QG AR+ G LA+SR +GD 
Sbjct: 372 YARIEKAGGK- -VIQWQG--ARVSGVLAMSRSIGDQ Y 4 04 

Query: 353 LKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVR 4 00 

L+PF++ P+VT + +ED+ +++A+DGLWDV+SN++ R 

Sbjct: 405 LEPFVIPDPEVTFMP RAREDECLILASDGLWDVMSNQEACDFAR 448 



□ > qi 1 33309516 | qb I AAQ03211 . 1 | protein phosphatase 2C [Prunus avium] 
Length = 426 

Score = 85.9 bits (211), Expect = 2e-15 

Identities = 84/313 (26%), Positives = 134/313 (42%), Gaps = 81/313 (25%) 
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Query: 118 GHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFV 177 

H++ +FDGHG A+ + LH ++++LE G++M R D + V 

Sbjct: 165 AHFYGVFDGHGCSHVALKCKDRLHEIVKQELETE-GGYIQWKGAME RSFAKMDDE-V 219 

Query: 178 EEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSR 237 

+E + A+ E +CD V G TA+VAV K+ ++N GDSR 

Sbjct: 220 QEGNLVAQGPNC-RCELQTPQCDAV GSTAVVAVVTPEKIIVSNCGDSR 266 

Query: 238 AILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLF 2 97 

A+L R PLS + P+ P+ E R+E G +V++ 

Sbjct: 2 67 AVLCRNGVAVPLSSDHKPDR PD ELVRIEAA GGRVIY 302 

Query: 2 98 RDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFL 357 

D AR+LG LA+SR +GD+ L KP++ 
Sbjct: 303 WD GARVLGVLAMSRAIGDNYL KPYV 327 

Query: 358 LSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLA 417 

+S P+VT++D ED+ +++A+DGLWDV+SN+ +VR L + H S 

Sbjct: 328 ISEPEVTIMD RSAEDECLILASDGLWDVVSNDTACGVVRMCLRAQKTTSHSESSGR 383 

Query: 418 QMLIHSTQGKEDS 430 

+ S + D+ 
Sbjct: 384 DAAVRS DKACS DA 3 96 



□ > qi I 21902025 j dbj | BAC0557 5 . 1 1 protein phosphatase 2C-like protein [Oryza sativa 
cultivar-group) ] 
Length = 467 

Score = 81.3 bits (199), Expect = 3e-14 

Identities - 82/300 (27%), Positives = 125/300 (41%), Gaps = 95/300 (31%) 

Query: 110 LCPEEF-LTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAWEGLVATQPPMHLNGRC 168 

LP F L H++ ++DGHGG A LH+ L +L + +EG V+ 
Sbjct: 18 9 LDPMSFRLPAHFFGVYDGHGGAQVANYCRERLHAALVEEL-SRIEGSVSG 237 

Query: 169 ICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMG GCTALV 220 

++ VE K E AF +C + E+ + G G TA+V 

Sbjct: 238 ANLGSVEFKK KWEQAFVDCFSRVDEEVGGNASRGEAVAPETVGSTAVV 285 

Query: 221 AVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRL 280 

AV + +AN GDSRA+L R + PLS + P E E+ R+ 

Sbjct: 286 AVICSSHIIVANCGDSRAVLCRGKQPVPLSVDHKPNRE DEYARI 329 

Query: 281 EFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLG 340 

E G KV+ Q R+ G LA+SR +G 

Sbjct: 330 EAE GGKVI QWNGYRVFGVLAMSRSIG 355 

Query: 341 DHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVR 4 00 

D L KP+++ VP++T++ ++D+ +V+A+DGLWDV+SNE+V + R 

Sbjct: 356 DRYL KPWIIPVPEITIVP RAKDDECLVLAS DGLWDVMSNEEVCDVAR 402 



□ > qi 1 15222398 I ref I NP 17 2223. 1 1 protein phosphatase 2C (PP2C) , putative [Arabidopj 
qi 1 25352229 | pir 1 IB86209 protein F22G5.22 [imported] - Arabidopsis thaliana 
qi I 877854 7 | qb | AAF7 9555 . 1 1 F22G5.22 [Arabidopsis thaliana] 

qi[17979175| qb I AAL4 9783 . 1 I putative protein phosphatase 2C [Arabidopsis thaliana] 
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qi I 20259129 I qb I AAM14 2 80 . 1 | putative phosphatase 2C [Arabidopsis thaliana] 
Length = 442 

Score = 80.1 bits (196), Expect = 7e-14 

Identities = 82/287 (28%), Positives = 120/287 (41%), Gaps = 92/287 (32%) 

Query: 119 HYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVE 178 

HY+ ++DGHG A LH + Q EA+ + + M R D + V 

Sbjct: 156 HYFGVYDGHGCSHVAARCKERLHELV--QEEALSDKKEEWKKMME RS FTRMDKEVV- 209 

Query: 17 9 EKGIRAEDLVIGA LESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGD 235 

R + V+ A E +CD V G TA+V+V K+ +AN GD 

Sbjct: 210 RWGETVMSANCRCELQTPDCDAV GSTAWSVITPEKIIVANCGD 253 

Query: 236 SRAILVRRDEIRPLSFEFTPE — TERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQ 293 

SRA+L R + PLS + P+ E RIQ+ G 
Sbjct: 254 SRAVLCRNGKAVPLSTDHKPDRPDELDRIQEA GG 287 

Query: 2 94 KVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQL 353 

+V++ D AR+LG LA+SR +GD+ L 
Sbjct: 288 RVIYWD GARVLGVLAMSRAIGDNYL 312 

Query: 354 KPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVR 4 00 

KP++ S P+VTV D +ED+ +++ATDGLWDV++NE +VR 

Sbjct: 313 KPYVTSEPEVTVTD RTEEDEFLILATDGLWDVVTNEAACTMVR 355 



□ > qi 1 8778 4 61 1 qb I AAF7 94 69.1 | F1L3.26 [Arabidopsis thaliana] 
Length = 656 

Score = 79.3 bits (194), Expect = le-13 

Identities = 80/310 (25%), Positives = 136/310 (43%), Gaps = 89/310 (28%) 



Query : 


115 


FLTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDP 


174 






+LT H++ ++DGHGG A + +HS L ++E + E L GR + + 




Sbjct: 


349 


YLTSHFFGVYDGHGGAQVADYCHDRIHSALAEEIERIKEELCRRNTG EGRQV-QWEK 


404 


Query: 


175 


QFVEEKGIRAEDLVIGAL-ESAFQECDEVIGRELEA-SGQMGGCTALVAVSLQGKLYMAN 


232 






FV+ ++ +D V G + D ++ LEA S + G TA+VA+ + ++N 




Sbjct: 


405 


VFVDCY-LKVDDEVKGKINRPVVGSSDRMV LEAVSPETVGSTAVVALVCSSHIIVSN 


460 


Query: 


233 


AGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLG 


292 






GDSRA+L+R + PLS + P+ E + 




Sbjct: 


461 


CGDSRAVLLRGKDSMPLSVDHKPDREDE 


488 


Query: 


293 


QKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDT 


349 






Y R+EK+ K +1 QG AR+ G LA+SR + ++R++ T 




Sbjct: 


489 


YARIEKAGGK--VIQWQG--ARVSGVLAMSRSI EMRIITTCYS 


527 


Query: 


350 


NIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVL 


390 






+ L+PF++ P+VT + +ED+ +++A+DGLWDV+ 




Sbjct: 


528 


LCKIMRSPESGFQSASFSGDQYLEPFVIPDPEVTFMP RAREDECLILASDGLWDVM 


583 


Query: 


391 


SNEQVAWLVR 4 00 








SN++ R 




Sbjct: 


584 


SNQEACDFAR 593 
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□ > qi I 364 3082 I qb I AAC36697 . 1 1 protein phosphatase-2C ; PP2C [Mesembryanthemum crystc 
Length = 380 

Score = 78.6 bits (192), Expect = 2e-13 

Identities = 90/336 (26%), Positives = 143/336 (42%), Gaps = 98/336 (29%) 

Query: 119 HYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVE 178 

H++ ++DGHGG A A +H + + EG+ A 
Sbjct: 134 HFFGVYDGHGGSQVAGFCAQRMHEIIAEEWNQ — EGIDAY 171 

Query: 17 9 EKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRA 238 

E R ++ I S F+ D+ I E+ AS +M G TA+VAV ++ ++N GDSRA 
Sbjct: 172 EWQKRWKEAFI SGFKRADDQITTEVIAS-EMVGSTAVVAVVSGCQIILSNCGDSRA 226 

Query: 239 ILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFR 298 

+L RR + PL+ + P+ E ELL R++G G +V+ 

Sbjct: 227 VLCRRTQTIPLTVDHKPDRE DELL RIEGQ — GGRVI-- 260 

Query: 2 99 DHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLL 358 

W+ AR+ G LA+SR +GD + PF++ 
Sbjct: 261 NWN GARVFGVLAMSRAIGDRYM SPFII 287 

Query: 359 SVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQ 418 

VP+VT ED+ +++A+DGLWDV+SN++ + + R + 

Sbjct: 288 PVPEVTF TTRSDEDECLILASDGLWDVISNDEAGEV ARRLLRRRRRAMVA 337 

Query: 419 MLIHSTQGKEDSLTEE--GQVSYDDVSVFVIPLHSQ 452 

I Q D LT+ G+ S D++SV V+ L S+ 
Sbjct: 338 GDICPAQVVADKLTQLAIGRNSSDNISVIVVDLKSR 373 



□ > qi 1 1522 974 5 | ref |NP 187748 . 1 1 protein phosphatase 2C (PP2C) , putative [Arabidop; 
qi | 1352 681 | sp I P4 9598 1 P2C4 ARATH Protein phosphatase 2C (PP2C) 

qi 1 1076391 Ipir | IS55457 phosphoprotein phosphatase (EC 3.1.3.16) 2C - Arabidopsis 
qi | 633028 |dbj IBAA07287.1 | protein phosphatase 2C [Arabidopsis thaliana] 
qi | 12322910 | qb | AAG51448 . 1 | protein phosphatase 2C (PP2C); 28184-26716 [Arabidopsi 
qi I 1838 92 42 | qb | AAL67 064 . 1 | putative protein phosphatase PP2C [Arabidopsis thalian 
qi I 2025922 9 I qb I AAM14 330 . 1 | putative protein phosphatase 2C (PP2C) [Arabidopsis th 
Length = 399 

Score = 78.6 bits (192), Expect = 2e-13 

Identities = 81/296 (27%), Positives = 124/296 (41%), Gaps = 92/296 (31%) 

Query: 119 HYWALFDGHGGPAAAILAANTLHSCLRRQLEAV VEGLVATQPPMHLNGRCICPSD 173 

H++ +FDGHG A LH +++++E + E +V + M 
Sbjct: 136 HFYGVFDGHGCSHVAEKCRERLHDIVKKEVEVMASDEWTETMVKSFQKMD 185 

Query: 17 4 PQFVEEKGIRAEDLVI -GALES AFQECD-EVIGRELEASGQMGGCTALVAVSLQGKLYMA 231 

+E R +LV+ GA S C E+ + +A G TA+V+V K+ ++ 

Sbjct: 186 KEVSQRECNLVVNGATRSMKNSCRCELQSPQCDAVGS TAVVSVVTPEKIIVS 237 

Query: 232 NAGDSRAILVRRDEIRPLSFEFTPE--TERQRIQQLAFVYPELLAGEFTRLEFPRRLKGD 289 

N GDSRA+L R PLS + P+ E RIQQ 
Sbjct: 238 NCGDSRAVLCRNGVAIPLS VDHKPDRPDELIRIQQA 273 

Query: 2 90 DLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDT 34 9 

G +V++ D AR+LG LA+SR +GD+ L 
Sbjct: 274 --GGRVIYWD GARVLGVLAMSRAIGDNYL 300 
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Query: 350 NIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPG 4 05 

KP+++ P+VTV D ED+ +++A+DGLWDV+ NE + R L G 

Sbjct: 301 KPYVIPDPEVTVTD RTDEDECLILASDGLWDVVPNETACGVARMCLRG 348 



□ > qi I 60 9658 I qbl AAA67 321 . 1 1 protein phosphatase 2C (ptc3 + ) 
Length = 414 

Score - 77.0 bits (188), Expect = 7e-13 

Identities = 84/341 (24%), Positives = 138/341 (40%), Gaps - 104/341 (30%) 

Query: 120 YWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEE 179 

++A++DGHGG A+LL+ +PF+ 
Sbjct: 57 FFAVYDGHGGDKVAKWCGSNLPQILEK NPDF--Q 88 

Query: 180 KGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAI 239 

KG D V AL+S+F D+ I + + GCTA V + + KLY ANAGDSR + 

Sbjct : 89 KG DFV-NALKS S FLNADKAI LDDDQFHT DPSGCTAT VVLRVGNKLYCANAGDSRT V 14 3 

Query: 240 LVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRD 299 

L + +PLS + PE+++A AGF DG 
Sbjct: 144 LGSKGIAKPLSADHKPSNEAEKARICA AGGFV DFG 178 

Query: 300 HHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKP F 356 

R+ G LA+SR +GD + TN L+P 

Sbjct: 179 RVNGNLALSRAIGDFEF TNSNLEPEKQI 206 

Query: 357 LLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKL 416 

+ + + P V V + + +D+ VV+A DG+WD + + +QV VR + K+ 
Sbjct: 207 VTALPDVVVHEIT D D DE F VVL AC DG I W DC KT S QQ V I E F VRRG I VAGT S LEKI 258 

Query: 417 AQMLIHSTQGKEDSLTEEGQVSYDDVSVFVIPLHSQGQESS 457 

A+ L+ + + TE + D+ ++V + + L + +S+ 
Sbjct: 259 AENLMDNCIASD TETTGLGCDNMTVCIVALLQENDKSA 2 96 



□ > qi | 1622 6419 | qb| AAL16163 . 1 I AT5g59220/mncl7_110 [Arabidopsis thaliana] 
Length = 413 

Score = 76.6 bits (187), Expect = le-12 

Identities = 79/289 (27%), Positives = 115/289 (39%), Gaps = 89/289 (30%) 

Query: 119 HYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVE 17 8 

HY + + DGHG A+ LH +R + EA + + R D + V 

Sbjct: 14 7 HYCGVYDGHGCSHVAMKCRERLHELVREEFEADADWEKSM ARSFTRMDMEVV- 198 

Query: 179 EKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRA 238 

+ A+ E +CD V G TA+V+V K+ +AN GDSRA 

Sbjct: 199 — ALNADGAAKCRCELQRPDCDAV GSTAVVSVLTPEKIIVANCGDSRA 244 

Query: 239 ILVRRDEIRPLSFEFTPE — TERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVL 296 

+L R + LS + P+ E RIQ G +V+ 

Sbjct: 245 VLCRNGKAIALSSDHKPDRPDELDRIQAA GGRVI 278 

Query: 2 97 FRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 
+ D R+LG LA+SR +GD+ L KP+ 
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Sbjct: 279 YWD GPRVLGVLAMSRAIGDNYL KPY 303 

Query: 357 LLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPG 4 05 

+ + S P+VTV D DD +++A+DGLWDV+SNE +VR L G 

Sbjct: 304 VISRPEVTVTD RAN G D D FL I LAS DGLW D V VS N E T AC S VVRMC LRG 348 



□ > qi I 15237839 | ref |NP 200730.11 protein phosphatase 2C (PP2C) , putative [Arabidops 
qi |975924 3| dbj | BAB097 67 . 1 | contains similarity to Ca/calmodulin-dependent protein 

phosphatase-gene_id:MNC17 . 13 [Arabidopsis thaliana] 
qi 1 158097 92 |qb|AAL0 6824 . 1 1 AT5g59220/mncl7_110 [Arabidopsis thaliana] 
qi 1 1837 7 817 | qb 1 AAL67 0 95 . 1 | AT5g59220/mncl7_110 [Arabidopsis thaliana] 
Length = 413 

Score = 76.6 bits (187), Expect = le-12 

Identities = 79/289 (27%), Positives = 115/289 (39%), Gaps = 89/289 (30%) 

Query: 119 HYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVE 178 

HY ++DGHG A+ LH + R + EA + + R D + V 

Sbjct: 147 HYCGVYDGHGCSHVAMKCRERLHELVREEFEADADWEKSM ARSFTRMDMEVV- 198 

Query: 17 9 EKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRA 238 

+ A+ E +CD V G TA+V+V K+ +AN GDSRA 

Sbjct: 199 --ALNADGAAKCRCELQRPDCDAV GSTAVVSVLTPEKIIVANCGDSRA 24 4 

Query: 239 ILVRRDEIRPLSFEFTPE--TERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVL 296 

+L R + LS + P+ E RIQ G +V+ 

Sbjct: 245 VLCRNGKAIALSSDHKPDRPDELDRIQAA GGRVI 278 

Query: 297 FRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 

+ D R+LG LA+SR +GD+ L KP+ 
Sbjct: 279 YWD GPRVLGVLAMSRAIGDNYL KPY 303 

Query: 357 LLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPG 4 05 

++S P+VTV D DD +++A+DGLWDV+SNE +VR L G 

Sbjct: 304 VISRPEVTVTD RANGDDFLILASDGLWDVVSNETACSVVRMCLRG 348 



□ > qi | 15236110 | ref | NP 194338 . 1 | protein phosphatase ABI1 [Arabidopsis thaliana] 
qi I 21431817 | sp| P49597 1 P2C1 ARATH Protein phosphatase 2C ABI1 (PP2C) (Abscisic aci 
qi I 7488009 |pir | IT04263 phosphoprotein phosphatase (EC 3.1.3.16) ABI1 - Arabidopsi 
thaliana 

qi 1 4 99301 j emb | CAA54 383 . 1 [ ABI1 [Arabidopsis thaliana] 

qi I 54 9981 1 qb 1 AAA50237 . 1 | abscisic acid insensitive protein 

qi 14 538 937 | emb 1 CAB3967 3 . 1 | protein phosphatase ABI1 [Arabidopsis thaliana] 
qi j 7269459 | emb | CAB7 94 63 . 1 1 protein phosphatase ABI1 [Arabidopsis thaliana] 
qi 1 2 32 97 060 I qb I AAN13081 . 1 1 phosphatase ABI1 [Arabidopsis thaliana] 
Length = 434 

Score = 76.3 bits (186), Expect = le-12 

Identities = 73/284 (25%), Positives = 118/284 (41%), Gaps = 91/284 (32%) 

Query: 118 GHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFV 177 

H++ ++DGHGG A +H L + +A + PM +C D 

Sbjct: 170 AHFFGVYDGHGGSQVANYCRERMHLALAEE IAKEKPM LCDGDTWLE 215 

Query: 178 EEKGIRAEDLVIGALESAFQECDEVIGRELEA-SGQMGGCTALVAVSLQGKLYMANAGDS 236 
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+ K AL ++F D E+E+ + + G T++VAV +++AN GDS 

Sbjct: 216 KWKK ALFNSFLRVDS EIESVAPETVGSTSVVAVVFPSHIFVANCGDS 262 

Query: 237 RAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVL 2 96 

RA+L R PLS + P+ E E R+E G KV+ 

Sbjct: 2 63 RAVLCRGKTALPLSVDHKPDRE DEAARIEAA GGKVI 298 

Query: 2 97 FRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 

Q AR+ G LA+SR +GD L KP 
Sbjct: 2 99 QWNGARVFGVLAMSRS I GDRYL KPS 323 

Query: 357 LLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVR 4 00 

++ P+VT + ++EDD +++A+DG+WDV+++E+ + R 

Sbjct: 324 IIPDPEVTAVK RVKEDDCLILASDGVWDVMTDEEACEMAR 363 



□ > qi | 509419 I emb ICAA554 84 . 1 1 ABI1 [Arabidopsis thaliana] 
Length = 434 

Score = 76.3 bits (186), Expect = le-12 

Identities = 73/284 (25%), Positives = 118/284 (41%), Gaps = 91/284 (32%) 

Query: 118 GHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFV 177 

H+ + ++DGHGG A +H L + +A + PM +C D 

Sbjct: 170 AHFFGVYDGHGGSQVANYCRERMHLALAEE IAKEKPM LCDGDTWLE 215 

Query: 17 8 EEKGIRAEDLVIGALESAFQECDEVIGRELEA-SGQMGGCTALVAVSLQGKLYMANAGDS 23 6 

+ K AL + + F D E+E+ + + G T++VAV + + +AN GDS 

Sbjct: 216 KWKK ALFNSFLRVDS EIESVAPETVGSTSVVAVVFPSHIFVANCGDS 262 

Query: 237 RAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVL 296 

RA+L R PLS + P+ E E R+E G KV+ 

Sbjct: 263 RAVLCRGKTALPLSVDHKPDRE DEAARIEAA GGKVI 298 

Query: 297 FRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 

Q AR+ G LA+SR +GD L KP 
Sbjct: 299 QWNGARVFGVLAMSRS IGDRYL KPS 323 

Query: 357 LLS VPQVT VLDVDQLELQE DDVVVMAT DGLWDVLSNEQVAWLVR 4 00 

++ P+VT + ++EDD +++A+DG+WDV+++E+ + R 

Sbjct: 324 IIPDPEVTAVK RVKEDDCLILASDGVWDVMTDEEACEMAR 363 



□ > qi 1 1043244 6 | emb I CAC10358 . 1 | protein phosphatase 2C [Nicotiana tabacum] 
qi | 22553023 | emb 1 CAC84141 . 2 | protein phosphatase 2C [Nicotiana tabacum] 
Length = 416 

Score = 76.3 bits (186), Expect = le-12 

Identities = 84/346 (24%), Positives = 138/346 (39%), Gaps = 100/346 (28%) 

Query: 119 HYWALFDGHGGPAAAILAANTLHSCLRRQLEA--VVEGLVATQPPMHLNGRCICPSDPQF 17 6 

H++ ++DGHG A+ + +H ++ ++E V TQ ++ + S 
Sbjct: 152 HFYGVYDGHGCSHVAMKCKDRMHE I VKNEVEKGETQWKEVMTQS FSQMDNEVVHYSS 208 

Query: 177 VEEKGIRAEDLVIGALESAFQECD-EVIGRELEASGQMGGCTALVAVSLQGKLYMANAGD 235 

GAL + C E+ + +A G TA+VAV K+ ++N GD 

Sbjct: 209 GALGGSRSNCRCELQT PQCDAVGS TAVVAVVTPEKIIVSNCGD 251 
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Query: 236 SRAILVRRDEIRPLSFEFTPE--TERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQ 293 

SRA+L R PLS + P+ E RIQ+ G 
Sbjct: 252 SRAVLCRNGVAIPLSIDHKPDRPDELNRIQEA GG 285 

Query: 2 94 KVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQL 353 

+V++ D R+LG LA+SR +GD+ L 
Sbjct: 286 RVIYWD GPRVLGVLAMSRAIGDNYL 310 

Query: 354 KPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRF 413 

KP+++S P+VT+ + +ED+ +++A+DGLWDV+SNE + R L + 

Sbjct: 311 KPYVISEPEVTITE RTEEDECLILASDGLWDVVSNETACGVARMCLQSRKPPSPHG 366 

Query: 414 SKLAQMLIHSTQGKEDSLTEEGQV SYDDVSVFVIPL 449 

S + + DL + + S D+VSV V+ L 

Sbjct: 367 S PENDVT VTGAGES S DQLCS DAS I LLTKLALARHST DNVS VVVVDL 412 



□ > qi | 14 334 800 | qb | AAK5957 8 . 1 1 putative protein phosphatase ABI1 [Arabidopsis thai: 
Length = 434 

Score = 76.3 bits (186), Expect = le-12 

Identities = 73/284 (25%), Positives =118/284 (41%), Gaps = 91/284 (32%) 

Query: 118 GHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFV 177 

H++ ++DGHGG A +H L + +A + PM +C D 

Sbjct: 170 AHFFGVYDGHGGSQVANYCRERMHLALAEE IAKEKPM LCDGDTWLE 215 

Query: 178 EEKGIRAEDLVIGALESAFQECDEVIGRELEA-SGQMGGCTALVAVSLQGKLYMANAGDS 236 

+ K AL + + F D E+E+ + + G T++VAV +++AN GDS 

Sbjct: 216 KWKK ALFNSFLRVDS EIESVAPETVGSTSVVAVVFPSHIFVANCGDS 262 

Query: 237 RAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVL 296 

RA+L R PLS + P+ E E R+E G KV+ 

Sbjct: 263 RAVLCRGKTALPLSVDHKPDRE DEAARIEAA GGKVI 298 

Query: 297 FRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 

Q AR+ G LA+SR +GD L KP 
Sbjct: 299 QWNGARVFGVLAMSRSIGDRYL KPS 323 

Query: 357 LLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVR 4 00 

++ P+VT + ++EDD +++A+DG+WDV+++E+ + R 

Sbjct: 324 IIPDPEVTAVK RVKEDDCLILASDGVWDVMTDEEACEMAR 363 



□ > qi 1 19113999 | ref I NP 593087. 1| protein phosphatase 2c homolog 3 [Schi zosaccharorm 
qi|1171964 | sp | Q09173 | P2C3 SCHPO Protein phosphatase 2C homolog 3 (PP2C-3) 
gi I 2130393 | pir | IS62462 protein phosphatase 2c homolog 3 - fission yeast 

(Schizosaccharomyces pombe) 
qi 1 10194 05 1 emb | CAA91172 . 1 | ptc3 [Schizosaccharomyces pombe] 
Length = 414 

Score = 75.9 bits (185), Expect = le-12 

Identities = 82/339 (24%), Positives = 140/339 (41%), Gaps = 100/339 (29%) 

Query: 120 YWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEE 179 
++A++DGHGG A+LL+ +PF+ 
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Sbjct: 57 FFAVYDGHGGDKVAKWCGSNLPQILEK NPDF--Q 88 

Query: 180 KGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAI 239 

KG D V AL+S+F D+ I + + GCTA V + + KLY ANAGDSR + 

Sbjct : 89 KG DFV-NALKSSFLNADKAILDDDQFHTDPSGCTATVVLRVGNKLYCANAGDSRTV 143 

Query: 240 LVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRD 299 

L + + PLS +PE+++A AG F DG 
Sbjct: 144 LGSKGIAKPLSADHKPSNEAEKARICA AGGFV DFG 178 

Query: 300 HHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQ-LKPFLL 358 

R+ G LA+SR +GD + + ++N++ K + 
Sbjct: 179 RVNGNLALSRAIGDFEFK--NSNLEPEKQIVT 208 

Query: 359 SVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQ 418 

++P V V ++ +D+ VV+A DG+WD +++QV VR + K+A+ 
Sbjct: 209 ALPDVWHEIT DDDEFVVLACDGIWDCKTSQQVIEFVRRGIVAGTS LEKIAE 2 60 

Query: 419 MLIHSTQGKEDSLTEEGQVSYDDVSVFVIPLHSQGQESS 457 

L+ + + TE + D+++V ++ L + +S+ 
Sbjct: 261 NLMDNCIASD TETTGLGCDNMTVCIVALLQENDKSA 296 



□ > qi| 152270781 refjNP 180499.11 protein phosphatase 2C (PP2C) , putative [Arabidops 
qi 125352214 jpir | IF84695 probable protein phosphatase 2C [imported] - Arabidopsis 
qi 1 3980397 | qb | AAC95200 . 1 | putative protein phosphatase 2C [Arabidopsis thaliana] 
Length = 362 

Score = 75.5 bits (184), Expect = 2e-12 

Identities = 80/299 (26%), Positives = 123/299 (41%), Gaps - 90/299 (30%) 

Query: 119 HYWALFDGHGGP7VAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVE 178 

HY+ ++DGHG A LH + + +L + +E + M R D + V 

Sbjct: 111 HYFGVYDGHGCSHVAARCRERLHKLVQEELSSDMEDEEEWKTTME RSFTRMDKEVVS 167 

Query: 179 EKGIRAEDLVIGALESAFQE--CDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDS 236 

+ +V + Q CD V G TA+V+V K+ +AN GDS 

Sbjct: 168 WGDSVVTANCKCDLQTPACDSV GSTAVVSVITPDKIVVANCGDS 211 

Query: 237 RAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVL 296 

RA+L R + PLS + P+ P+ E R+E G +V+ 

Sbjct: 212 RAVLCRNGKPVPLSTDHKPDR PD ELDRIE GAGGRVI 247 

Query: 297 FRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 

+ D R+LG LA+SR +GD+ L KP+ 
Sbjct: 248 YWD CPRVLGVLAMSRAIGDNYL KPY 272 

Query: 357 LLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPG NQEDP 410 

+ P+VT+ D ++DD +++A+DGLWDV+SNE + R L G + EDP 

Sbjct: 273 VSCEPEVTITD RRDDDCLILASDGLWDVVSNETACSVARMCLRGGGRRQDNEDP 32 6 



□ > qi | 3810 9901 | qb I EAA557 00 . 1 1 hypothetical protein MG01351.4 [Magnaporthe grisea ' 
Length = 451 

Score = 75.5 bits (184), Expect = 2e-12 

Identities = 78/339 (23%), Positives = 137/339 (40%), Gaps = 119/339 (35%) 
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Query: 120 YWALFDGHGGPAAAILAANTLHSCLRRQ LEAWEGLVATQPPMHLNGRCICP 171 

++ +FDGHGG A+ + + +H + + Q +A+ +G +AT R I 

Sbjct : 63 FFGVFDGHGGDKVALFSGDNIHKIVQNQDTFKSGNYEQALKDGFLATD RAIL- 114 

Query: 172 SDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMA 231 

+ DP+ + +E + GCTA V + K+Y+A 

Sbjct: 115 NDPKYEDE VSGCTACVGLLTDDKIYIA 141 

Query: 232 NAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDL 2 91 

NAGDSR++L + +PLSF+ P+ E ++ + A AG F D 
Sbjct: 142 NAGDSRSVLGVKGRAKPLSFDHKPQNEGEKARITA AGGFV DF 183 

Query: 2 92 GQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNI 351 

G R+ G LA+SR +GD + + + 
Sbjct: 184 G RVNGNLALSRAIGDFEFK KSA 205 

Query: 352 QLKP FLLSVPQVTVLDVDQLELQEDDVWMATDGLWDVLSNEQVAWLVRSFLPGNQE 4 08 

+L P + + P V V D+ +D+ +V+A DG+WD S + + V VR + Q 

Sbjct: 206 ELAPEQQIVTAYPDVVVHDMG DDDEFLVIACDGIWDCQSSQAVVEFVRRGIAAKQA 261 

Query: 409 DPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVSVFVI 447 

K+ + ++ + S +E G V D++++ +1 

Sbjct: 262 LEKICENMMDNCLA SNSETGGVGCDNMTMI I I 293 



□ > qi 1 152 42022 | ref | NP_200515 . 1 1 protein phosphatase 2C, ABI2 [Arabidopsis thaliam 
qi|39.14239|sp|O04719|P2C2 A RATH Protein phosphatase 2C ABI2 (PP2C) (Abscisic acid 
qi 119451401 emb 1 CAA7 0163 . 1 1 ABI2 protein phosphatase 2C [Arabidopsis thaliana] 
qi 119451421 emb I CAA7 0162 . 1 1 ABI2 protein phosphatase 2C [Arabidopsis thaliana] 
qi I 2564213 | emb 1 CAA72 538 . 1 1 ABI2 [Arabidopsis thaliana] 

qi | 8777 4 45 | dbj | BAA97 035. 1 | protein phosphatase 2C ABI2 (PP2C) [Arabidopsis thalia 
qi I 22531154 | qbj AAM97 081 . 1 | protein phosphatase 2C ABI2 [Arabidopsis thaliana] 
qi | 31711886 | qb 1 AAP682 99 . 1 | At5g57050 [Arabidopsis thaliana] 
Length = 423 

Score = 74.7 bits (182), Expect = 3e-12 

Identities = 77/285 (27%), Positives = 121/285 (42%), Gaps - 87/285 (30%) 

LTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQ 17 5 
L+ H+ + ++DGHGG A + C R A+ E +V +P CD 
LSAHFFGVYDGHGGSQVA NYCRERMHLALTEEIVKEKPEF CDGDTW 201 

FVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGD 235 

+EK +A L ++F D I + + + G T++VAV +++AN GD 

--QEKWKKA LFNS FMRVDSEI -ETVAHAPETVGSTS VVAVVFPTHI FVANCGD 251 

SRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKV 2 95 
SRA+L R LS + P+ + E R+E G KV 

SRAVLCRGKTPLALSVDHKPDRD DEAARIEAA GGKV 287 



W+ AR+ G LA+SR +GD L KP 
-RWN GARVFGVLAMSRSIGDRYL KP 312 



Query: 


116 


Sbjct: 


156 


Query : 


176 


Sbjct: 


202 


Query: 


236 


Sbjct: 


252 


Query : 


296 


Sbjct: 


288 


Query: 


356 


Sbjct: 


313 



++ P+VT + ++EDD +++A+DGLWDV++NE+V L R 
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□ > qi | 324 0668 6 I ref | XP 323956.11 hypothetical protein [Neurospora crassa] 
qi 1 28 92 02 3 1| qb 1 EAA29607 . 1 | hypothetical protein [Neurospora crassa] 
qil28950040[ emb | CAD707 95 . 1 | probable protein phosphatase 2C [Neurospora crassa] 
Length = 439 

Score = 74.7 bits (182), Expect = 3e-12 

Identities = 78/339 (23%), Positives = 137/339 (40%), Gaps = 119/339 (35%) 

Query: 120 YWALFDGHGGPAAAILAANTLHSCLRRQ LEAVVEGLVATQPPMHLNGRCICP 171 

++ +FDGHGG A+ A +H + +Q +A+ +G +AT R I 

Sbjct: 63 FFGVFDGHGGDKVALFAGANIHDIIAKQDTFKTGNYEQALKDGFLATD RAIL- 114 

Query: 172 SDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMA 231 

+ DP++ EE + GCTA V + K+++A 

Sbjct: 115 NDPKYEEE VSGCTAC VGL I T DEKI FVA 141 

Query: 232 NAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDL 291 

NAGDSR++L + +PLSF+ P+ E ++ + A AG F D 
Sbjct: 142 NAGDSRSVLGVKGRAKPLSFDHKPQNEGEKARITA AGGFV DF 183 

Query: 2 92 GQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNI 351 

G R+ G LA+SR +GD + + + 
Sbjct: 184 G RVNGNLALSRAIGDFEFK KSA 205 

Query: 352 QLKP FLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQE 408 

+L P + + P V V D+ +D+ +V+A DG+WD S++ V VR + Q+ 

Sbjct: 206 ELAPEQQIVTAYPDVMVHDL ADDDEFLVLACDGIWDCQSSQAVVEFVRRGIAAKQD 261 

Query: 409 DPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVSVFVI 447 

K+ + ++ + S +E G V D++++ ++ 

Sbjct: 262 LDKICENMMDNCLA SNSETGGVGCDNMTMIIV 293 



□ > qi I 25352225 | pir | 1F86206 hypothetical protein [imported] - Arabidopsis thaliana 
qi I 8954 030 | qb | AAF82204 . 1 | Contains similarity to protein phosphatase 2C from Arab 
thaliana gb|AF085279. It contains a protein phosphatase 
2C domain PF| 00481 
Length - 405 

Score = 74.7 bits (182), Expect = 4e-12 

Identities = 98/426 (23%), Positives = 165/426 (38%), Gaps - 112/426 (26%) 

Query: 39 GS S S S PGAADASRRPDSRP VRS PARGRTLPWNAGYAE I INAEKS E FNEDQAACGKLC I RR 98 

GS S PG+ +RP + + GP+A+E + CR 

Sbjct: 7 3 GSDSGPGSILKRKRPTTLDIPVAPVGIAAPISN— ADTPREESRAVEREGDGYSVYCKRG 130 

Query: 99 CEFGAEEEWLTLC PEEFLTGHYWALFDGHGGPAAAILAANTLHSCLRRQL 148 

E+ + + P++ + G ++DGHGGP AA AA L S + ++ 
Sbjct: 131 KREAMEDRFSAITNLQGDPKQAIFG VYDGHGGPTAAEFAAKNLCSNILGEIVGGRN 186 

Query: 149 EAVVEGLVATQPPMHLNGRCICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVI 203 

EAV G +AT D +F++EK 
Sbjct: 187 ESKIEEAVKRGYLAT DSEFLKEKNVK 212 

Query: 204 GRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQ 2 63 

GG + A+ G L +ANAGD RA+L L+ + P + +R 
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Sbjct: 213 GGSCCVTALISDGNLVVANAGDCRAVLSVGGFAEALTSDHRPSRDDER — 260 

Query: 2 64 QLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQ 323 

R+E R+ L ++V R +H Y + L+ + 

Sbjct: 2 61 NRIESSVRI LAKEVTVRFYH DYMVLITI ILQGGYVDTF 2 98 

Query: 324 GRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMAT 383 

R+ G+LAVSRG+GD LK +++S P++ +L + + + + +++A+ 

Sbjct: 299 NSVWRIQGSLAVSRGIGD AHLKQWIISEPEINILRINP QHEFLILAS 345 

Query: 384 DGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQMLIHSTQGKEDSLTEEGQVSYDDVS 443 

DGLWD + SN++ + R F G + +++ D G S DD+S 

Sbjct: 34 6 DGLWDKVSNQEAVDIARPFCKGTDQKRKPLLACKKLV DLSVSRG--SLDDIS 395 

Query: 444 VFVIPL 449 

V +1 L 
Sbjct: 396 VMLIQL 401 



□ > qi I 17555234 1 ref | NP 497949.11 I! protein phosphatase 2C, possibly N-myristoylatec 

[Caenorhabditis elegans ] 
qi 1 182668831 spl P495961 P2C2 CAEEL Probable protein phosphatase 2C T23F11.1 (PP2C) 
qi I 7508306 |pir 1 | T25181 hypothetical protein T23F11.1 - Caenorhabditis elegans 
qi I 5824 637 | emb | CAA8 6456 . 2 | Hypothetical protein T23F11.1 [Caenorhabditis elegans] 
Length = 356 

Score = 74.3 bits (181), Expect = 4e-12 

Identities = 76/295 (25%), Positives = 115/295 (38%), Gaps = 97/295 (32%) 

Query: 120 YWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEE 17 9 

++A++DGHGG + + LH + Q E 
Sbjct: 54 FFAVYDGHGGSKVSQYSGINLHKKVVAQKEF 84 

Query: 180 KGIRAEDLVI GALES AFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAI 239 

+E + A+E FED++ +E +G TA+V + +G +Y NAGDSRA+ 
Sbjct: 85 SEGNMKEAIEKGFLELDQQMRVDEETKDDVSGTTAVVVLIKEGDVYCGNAGDSRAV 14 0 

Query: 240 LVRRDEIRPLSFEFTP--ETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLF 297 

E RPLSF+ P ETE +RI + AG 
Sbjct: 141 SSVVGEARPLSFDHKPSHETEARRI IAAG 169 

Query: 298 RDHHMSGW-SYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPF 356 

GW 4- RV G LA+SR LGD + DT + 

Sbjct: 170 GWVEFNRVN GNLALSRALGDFAFKNCDTKPAEEQI 204 

Query: 357 LLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPH 411 

+ + P V D+L + + +V+A DG+WDV++N++V VR L + DP 

Sbjct: 205 VTAFPDVI TDKLT-PDHEFIVLACDGIWDVMTNQEVVDFVREKL-AEKRDPQ 254 



□ > qi 14 3364 361 qb | AAD17805 . 1 | protein phosphatase type 2C [Lotus japonicus] 
Length = 282 

Score = 71.2 bits (173), Expect = 4e-ll 

Identities = 79/269 (29%), Positives - 111/269 (41%), Gaps = 94/269 (34%) 
Query: 18 9 IGALESAFQECDEVIGRELEASGQMG--GCTALVAVSLQ-GKLYMANAGDSRAILVRRDE 2 45 
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+ A+ + A+ + D I LE SG++G G TA+ A+ + KL +AN GDSRA+L + E 
Sbjct: 101 VEAVKKAYVDTDSTI LEKSGELGRGGSTAVTAILINCQKLVVANLGDSRAVLCKNGE 157 

Query: 24 6 IRPLSFEFTPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGW 305 

PLS + P TE + 1+ R F GD 
Sbjct: 158 AIPLSVDHEPATESEDIRN RGGFVSNFPGD 187 

Query: 306 SYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTV 365 

P + GQ LAVSR GD LK L S P VTV 

Sbjct: 188 VPRVDGQ LAVSRAFGDK SLKKHLSSEPHVTV 218 

Query: 366 LDVDQLELQEDDV--VVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLAQMLIHS 423 

EL + DD +++A+DGLW V+SN++ +R N + D +K 
Sbjct: 219 ELIDDDAEFIILASDGLWKVMSNQEAVDAIR NVKDARSAAK 259 

Query: 424 TQGKEDSLTEEG--QVSYDDVSVFVIPLH 450 

+LTEE + S DD+S V+ L 
Sbjct: 260 NLTEEALKRNSSDDISCVWRLQ 282 



□ > qi | 324 92311 1 emb I CAE038 4 4 . 1 | OS JNBb008 9K06 . 2 [Oryza sativa (japonica cultivar-gi 
Length = 484 

Score = 70.1 bits (170), Expect = 9e-ll 

Identities = 99/374 (26%), Positives = 151/374 (40%), Gaps = 51/374 (13%) 

Query: 39 GSSSSPGAADASRRPDSRPVRSPARGRTLPWNAGYAEIINAEKSEFNEDQAACGKLCIRR 98 

G SS+ GAA +RR P+SA W++A+ ED + R 
Sbjct: 85 GCSSTAGAA — ARR LPLPSGASTAAAVWPVAFGSVSLAGRMRDMEDAVSL R 133 

Query : 99 CEFGAEEEWLTLCPEEFLTGHYWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVAT 158 

F WL P H++A+FDGHGGP + L +H + ++ A L 

Sbjct: 134 PSFCT WLDGSPM HFFAVFDGHGGPHVSALCREQMHVIVAEEMVAEAAALRQR 185 

Query: 159 QPPMHLNGRCICPSDPQFVEEKGIRAEDLVIGALESAFQECDEVIGRELEASGQMG G 215 

QP V E G SGQ G G 

Sbjct: 18 6 Q P AAME E E E E E RAVAGGAVAE LRPGGRAGGGGVRVRARHRAGVPCPLSGQTGAIIG 241 

Query: 216 CTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLSFEFTPETERQRIQQLAFVYPELLAG 275 

TA+VA+ ++ +L ++N GDSRA+L R + PLS + L+ 
Sbjct: 242 STAVVALLVRDRLVVSNCGDSRAVLCRAGDPLPLSSDHKGLNPS LSW 288 

Query: 27 6 EFTRLEFPRRLKGDDLGQKVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQA RLL 330 

TR+ R GD GQ V +SG ++ ++ D K + GR R+ 

Sbjct: 28 9 RGTRVALARGTWGDKTGQSVGPAALLLSGGAHP--DRPDEKARIEAVGGRVVYLNGPRVR 34 6 

Query: 331 GTLAVSRGLGD-HQLRVLDTNIQLKPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDV 389 

G LA+SR L + L + LKP ++ P +T+ + +D+ +++A+DG+WDV 

Sbjct: 347 GILAMSRALAEGSSLLGPKGDKYLKPEVICEPDITI TVRTVDDECLILASDGMWDV 402 

Query: 390 LSNEQVAWLVRSFL 4 03 

+SNE + + R L 
Sbjct: 403 ISNETASDVARQCL 416 



□ > qi 1395915911 emb | CAE71168 . 1 1 Hypothetical protein CBG18025 [Caenorhabditis brigc 
Length « 352 
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Score = 69.3 bits (168), Expect = le-10 

Identities = 63/224 (28%), Positives = 94/224 (41%), Gaps = 64/224 (28%) 

Query: 191 ALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLS 250 

A+E F+D++ + E + G TA+V + +G +Y NAGDSRA+ E RPLS 

Sb j ct : 92 AIERGFLDLDQQMRVDEETKDDVSGTTAVVVLIKEGDVYCGNAGDSRAVSSVLGEARPLS 151 

Query: 251 FEFTP — ETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLFRDHHMSGW-SY 307 

F+ P E E + RI + AG GW + 

Sbjct: 152 FDHKPSHEIEARRI IAAG GWVEF 174 

Query: 308 KRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFLLSVPQVTVLD 367 

RV G LA+SR LGD + DT + + + P V 
Sbjct: 175 NRVN GNLALSRALGDFTFKNCDTKPAEEQIVTAFPDVI 212 

Query: 368 VDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPH 411 

D+L + + +V+A DG+WDV++N++V VR L + DP 
Sbjct: 213 TDKLT-PDHEFIVLACDGIWDVMTNQEVVDFVREKL-SEKRDPQ 254 



□ > qi |647814 6| emb 1 CAB61839 . 1 | putative serine/threonine phosphatase type 2c [Spore 
stapf ianus ] 
Length = 271 

Score = 69.3 bits (168), Expect = le-10 

Identities = 82/338 (24%), Positives = 136/338 (40%), Gaps = 121/338 (35%) 

Query: 121 WALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEEK 180 

+ +FDGHGG AA AA + P + FV E + 

Sbjct: 4 4 FGVFDGHGGKNAAEFAAENM PKFVAEE 7 0 

Query: 181 GIRA EDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSR 237 

+A E + GA+ + + + DE E G+ GG + AV +G L ++N GD R 
Sbjct: 71 MTKADGGESEIEGAVKRGYLKTDE EFLRRGESGGACCVTAVLQKGGLVVSNVGDCR 126 

Query: 238 AILVRRDEIRPLSFEF--TPETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKV 295 

A+L R + L+ + + E E++RI+ +LG V 

Sbjct: 127 AVLSRSGKAEALTSDHRASREDEKERIE NLGGFV 160 

Query: 296 LFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKP 355 

+ ++ W R+ G+LAVSRG+GD LK 
Sbjct: 161 V NYRGTW RVQGSLAVSRGIGD AHLKQ 186 

Query: 356 FLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSK 415 

++++ P L VDQ + +++A+DGLWD + N++ L R N + S+ 

Sbjct: 187 WIVADPDTRTLLVDQ HCEFLILASDGLWDKIDNQEAVDLARPLCTSND KASR 238 

Query: 416 LA--QMLIHSTQGKEDSLTEEGQVSYDDVSVFVIPLHS 4 51 

+A +ML+ ++ + S DD+SV +1 L + 

Sbjct: 239 MAACRMLVETS I SRG STDDISVVIIQLQN 267 



□ > qi 1 15220548 1 ref |NP 176948.11 protein phosphatase 2C (PP2C) , putative [Arabidopj 
qi [ 25404969 | pir | 1H96700 protein F12A21.5 [imported] - Arabidopsis thaliana 
qi | 1107 2032 | qb | AAG28 911 . 1 1 F12A21.5 [Arabidopsis thaliana] 
Length =4 64 
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Score = 68.6 bits (166), Expect = 2e-10 

Identities = 69/286 (24%), Positives = 118/286 (41%), Gaps = 90/286 (31%) 

Query: 120 YWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEE 179 

++ ++DGHGG AA A LH + +E C + VE 

Sbjct: 151 FFGVYDGHGGAKAAE FVAENLHKY VVEMMEN CKGKEEKVE- 190 

Query: 180 KGIRAEDLVIGALESAFQECD EVIGRELEASGQMGGCTALVAVSLQGKLYMANAGD 235 

A ++AF D E + +E G + G + AV ++ ++N GD 
Sbjct: 191 AFKAAFLRTDRDFLEKVIKEQSLKGVVSGACCVTAVIQDQEMIVSNLGD 239 

Query: 236 SRAILVRRDEIRPLSFEFTP--ETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQ 293 

RA+L R L+ + P + E++RI+ + + P + G L+G 
Sbjct: 240 CRAVLCRAGVAEALTDDHKPGRDDEKERIESQSLI-PFMTFG LQGG 28'4 

Query: 2 94 KVLFRDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQL 353 

+ D+H W R+ G LAVSR +GD L 
Sbjct: 285 YVDNHQGAW RVQGILAVSRSIGD AHL 310 

Query: 354 KPFLLSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLV 399 

K ++++ P+ VL+++Q + + +V+A+DGLWDV+SN++ + V 
Sbjct: 311 KKWVVAEPETRVLELEQ DMEFLVLASDGLWDVVSNQEAVYTV 352 



□ > qi I 34908256 | ref |NP 915475.11 putative protein phosphatase 2C [Oryza sativa (jaf 
cultivar-group) ] 

gi I 20160622 [ dbj I BAB8 95 68 . 1 | putative protein phosphatase 2C [Oryza sativa (japoni 
cultivar-group) ] 
Length = 405 

Score =67.8 bits (164), Expect = 4e-10 

Identities = 95/382 (24%), Positives = 151/382 (39%), Gaps = 109/382 (28%) 

PYRRPRFLRGSSSSPGAADASRRPDSRPV-RSPARGRTLPWNAGYAEIINAEKSEFNEDQ 88 
P +R R R +S +P RPD P+ GRT EF + 

PGKRQRLARTASGAP RPDEDSASERPSCGRT EEF--PR 90 

AACGKLCIRRCEFGAEEEWLTLCPEEFLTG HYWALFDGHGGPAAAILAANTLHSCL 14 4 

+C RR E E+ +++ P+ FL H++ +FDGHG A + +H + 



G VA P + + D + R++D E 

3GEVA--PWRDVMEKSFARMDGEVGNRASTRSDDEPACPCE 193 



++ + G TA+VAV ++ +ANAGDSRA++ R LS + P+ 
OQTPSRRDHAGSTAVVAVVSPTQVVVANAGDSRAVISRAGVPVALSVDHKPDR 24 6 



P+ E R+E G +V++ D 

-PD ELERIEAA GGRVIYWD 264 



AR+LG LA+SR +GD L KP++ S P+VTV + +D+ +++A+D 

3ARVLGVLAMSRAIGDGYL KPYVTSEPEVTVTE RTDDDECLILASD 310 



Query: 


30 


Sbjct: 


55 


Query: 


89 


Sbjct: 


91 


Query: 


145 


Sbjct: 


147 


Query: 


205 


Sbjct: 


194 


Query: 


265 


Sbjct: 


247 


Query: 


325 


Sbjct: 


265 


Query : 


385 
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GLWDV++NE +VR+ N 
Sbjct: 311 GLWDVVTNEMACEVVRAC FHNN 332 



□ > qi I 30 6937 57 | ref | NP_175057 . 2 | protein phosphatase 2C (PP2C) , putative [Arabidops 
qi 1 17 381034 | qb | AAL3632 9 . 1 1 putative protein phosphatase type 2C [Arabidopsis thai 
qi I 214 36259 I qb 1 AAM512 68 . 1 1 putative protein phosphatase type 2C [Arabidopsis thai 
Length = 371 

Score = 66.6 bits (161), Expect = 8e-10 

Identities = 59/212 (27%), Positives = 86/212 (40%), Gaps = 68/212 (32%) 

ALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAILVRRDEIRPLS 250 
A+ F++ DE E + G TA A + KL +AN GDSR + R PLS 



+ P+ ERQRI +D G +++ W 
)DHKPDRSDERORI EDAGGFIIW AGTW 277 



R+ G LAVSR GD QL KP++++ P+ + D+ 

-RVGGILAVSRAFGDKQL KPYVIAEPEIQEEDI 309 



Query: 


191 


Sbjct: 


191 


Query: 


251 


Sbjct : 


251 


Query: 


309 


Sbjct : 


278 


Query : 


369 


Sbjct: 


310 



LE +V+A+DGLW+VLSN+ +VR 



□ > qi I 34902050 | ref |NP 912371, 1| putative Serine/threonine phosphatases [Oryza sat: 
cultivar-group) ] 

qi [ 2 9893648 1 qb | AAP06902 . 1 | putative Serine/threonine phosphatases [Oryza sativa ( 
cultivar-group) ] 

qi I 298 93658 I qb 1 AAP0 6912 . 1 1 unknown protein [Oryza sativa {japonica cultivar-group 
Length = 404 

Score = 66.6 bits (161), Expect = le-09 

Identities - 89/338 (26%), Positives = 130/338 (38%), Gaps = 99/338 (29%) 

NAEKSEFNEDQAACGKLCIRRCEFGAEEEWLTLCPEEFLTGH-YWALFDGHGGPAAAILA 136 
4- E E + +C RR + E+ ++ CP FL GH ++ +FDGHG A 
DEEDREVERARYGFTSVCGRRRDM EDSVSACPG-FLPGHHFFGVFDGHGCSHVAT-- 120 

ANTLHSCLRRQLEAVVEGLVATQPPMHLNG RCICPSDPQFVEEKGIRAEDL 187 

SC +R E VV+ A L+ R D + V 
SCGQRMHEIVVDEAGAAAGSAGLDEEARWRGVMERSFARMDAEAVASSRGSVAPA 17 5 



Query: 


78 


Sbjct: 


67 


Query: 


137 


Sbjct: 


121 


Query: 


188 


Sbjct: 


176 


Query: 


248 


Sbjct: 


224 


Query : 


306 



+CD V G TA+VAV + +AN GDSRA+L R 

PKCDHV GSTAVVAVLGPRHVVVANCGDSRAVLCRGGAAI 223 



PLS + P+ E +RI G +V+F D 



AR+ G LA+SR +GD L KP+++ P+V V 
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Sbjct: 252 GARVFGMLAMSRAIGDSYL KPYVICDPEVRV 282 

Query: 366 LDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFL 403 

++ ED+ +++A+DGLWDV+SNE +VR+ L 

Sbjct: 283 MERKD GEDEFLILASDGLWDVVSNEVACNVVRACL 317 



□ > qi I 2 6331022 | dbj | BAC29241 . 1 1 D unnamed protein product [Mus musculus] 

qi | 2 6337 57 3 Idbj I BAC32472 . 1 | D unnamed protein product [Mus musculus] 
Length = 360 

Score = 66.2 bits (160), Expect = le-09 

Identities = 75/315 (23%), Positives = 122/315 (38%), Gaps = 96/315 (30%) 

Query: 121 WALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEEK 180 

+ +FDGHGG AA + L L++ L+ D + +E 

Sbjct: 124 FGI FDGHGGETAAEYVKSRLPEALKQHLQ ■ DYEKDKEN 160 

Query: 181 GIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAIL 240 

+ + LE D++LS GT L+A+ L +AN GDSR +L 

Sbjct: 161 SVLTYQTI LEQQILSIDREMLEKLTVSYDEAGTTCLIALLSDKDLTVANVGDSRGVL 217 

Query: 241 VRRD-EIRPLSFEFTPET--ERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLF 297 

+ D PLS + P ER+RI++ AG F 
Sbjct: 218 CDKDGNAI PLSHDHKPYQLKERKRIKR AGGFISFN 252 

Query: 2 98 RDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFL 357 

W R+ G LA-fSR LGD+ L+ L+ + 
Sbjct: 253 GSW RVQGILAMSRSLGDYPLKNLNV V 278 

Query: 358 LSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLA 417 

+ P + D+D+L+ + +++A+DGLWD SNE+ ++ L ++PH F + 
Sbjct: 27 9 IPDPDILTFDLDKLQ PEFMILASDGLWDAFSNEEAVRFIKERL DEPH-FGAKS 330 

Query: 418 QMLIHSTQGKEDSLT 432 

+L +G D++T 
Sbjct: 331 IVLQSFYRGCPDNIT 345 



□ > qi I 34857062 1 ref |XP 227247.21 II similar to protein phosphatase 2C epsilon [Ratti 
Length = 360 

Score = 65.9 bits (159), Expect = le-09 

Identities = 75/315 (23%), Positives = 122/315 (38%), Gaps = 96/315 (30%) 

Query: 121 WALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEEK 180 

+ +FDGHGG AA + L L++ L+ D + +E 

Sbjct: 124 FGI FDGHGGETAAEYVKSRLPEALKQHLQ DYEKDKEN 160 

Query: 181 GIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAIL 24 0 

+ + LE D++LS GT L+A+ L +AN GDSR +L 

Sbjct: 161 SVLTYQTI LEQQILSIDREMLEKLTVSYDEAGTTCLIALLSDKDLTVANVGDSRGVL 217 

Query: 241 VRRD-EIRPLSFEFTPET--ERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLF 297 

+D PLS + P ER+RI++ AG F 
Sbjct: 218 CDKDGNAI PLSHDHKPYQLKERKRIKR AGGFISFN 252 
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Query: 298 RDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFL 357 

W R+ G LA+SR LGD+ L+ L+ + 
Sbjct: 253 GSW RVQGILAMSRSLGDYPLKNLNV V 278 

Query: 358 LSVPQVTVLDVDQLELQEDDVVVMATDGLWDVLSNEQVAWLVRSFLPGNQEDPHRFSKLA 417 

+ P + D+D+L+ + +++A+DGLWD SNE+ ++ L ++PH F + 
Sbjct: 279 IPDPDILTFDLDKLQ PEFMILASDGLWDAFSNEEAVRFIKERL DEPH-FGAKS 330 

Query: 418 QMLIHSTQGKEDSLT 432 

+L +G D++T 
Sbjct: 331 IVLQSFYRGCPDNIT 345 



□ > qi I 31197 933 I ref | XP_307 914 . 1 | ENSANGP0000002187 9 [Anopheles gambiae] 
qi 1212 91512 | qb I EAA03657 . 1 | ENSANGP0000002187 9, [Anopheles gambiae str. PEST] 
Length =4 67 

Score = 65.5 bits (158), Expect = 2e-09 

Identities = 76/284 (26%), Positives = 111/284 (39%), Gaps = 97/284 (34%) 

Query: 120 YWALFDGHGGPAAAILAANTLHSCLRRQLEAVVEGLVATQPPMHLNGRCICPSDPQFVEE 179 

++A++DGHGG A A LH + R+ P++ + 

Sbjct: 68 FFAVYDGHGGAKVAEYAGKHLHKYVTRR PEYGND 101 

Query: 180 KGIRAEDLVIGALESAFQECDEVIGRELEASGQMGGCTALVAVSLQGKLYMANAGDSRAI 239 

V AL+ F + DE + QM G TA+V + +LY ANAGDSRAI 

Sbjct: 102 VKHALQQGFLDLDEAMLNNEALREQMSGSTAVVVLIKDNRLYCANAGDSRAI 153 

Query: 240 LVRRDEIRPLSFEFTP — ETERQRIQQLAFVYPELLAGEFTRLEFPRRLKGDDLGQKVLF 297 

+ LSF+ P E ER+RI AG + 
Sbjct: 154 ACVDGRLDVLSFDHKPTNEKERERISS AGGYVE 186 

Query: 2 98 RDHHMSGWSYKRVEKSDLKYPLIHGQGRQARLLGTLAVSRGLGDHQLRVLDTNIQLKPFL 357 

Y RV G LA+SR LGD L+ + 1+ K + 

Sbjct: 187 YNRVN-- GYLALSRALGDFGLK-RNKQIEAKEQM 217 

Query: 358 LSVPQVTVLDVDQLELQED-DVVVMATDGLWDVLSNEQVAWLVR 400 

++ DV++ E+ E D +V+A DG+WDVLS++ V V+ 

Sbjct: 218 VT AYPDVEEREVSEGWDFLVIACDGIWDVLSSQAVLEFVQ 257 



Get selected sequences 



Select all 



Deselect all 



Database: All non-redundant GenBank CDS 
translations+PDB+SwissProt+PIR+PRF 

Posted date: Dec 22, 2003 2:26 AM 
Number of letters in database: 518,058,112 
Number of sequences in database: 1,581,064 

Lambda K H 

0.319 0.137 0.418 

Gapped 

Lambda K H 

0.267 0.0410 0.140 
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Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Hits to DB : 49,488,909 

Number of Sequences: 1581064 

Number of extensions: 2209022 

Number of successful extensions: 7773 

Number of sequences better than 10.0: 60 

Number of HSP f s better than 10.0 without gapping: 32 

Number of HSP ! s successfully gapped in prelim test: 28 

Number of HSP f s that attempted gapping in prelim test: 7639 

Number of HSP f s gapped (non-prelim): 127 

length of query: 459 

length of database: 518,058,112 

effective HSP length: 128 

effective length of query: 331 

effective length of database: 315,681,920 

effective search space: 104490715520 

effective search space used: 104490715520 
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Abstract. Retinoids exert different effects on malignant cells 
with various phenomena. They can induce differentiation and 
apoptosis in various cancer cells. However, the underlying 
mechanism of these effects is not clear. There are data related 
to the role of protein phosphatases during retinoid-induced 
leukemic cell differentiation. The aim of this study was to 
evaluate effects of the All trans retinoic acid (ATRA) on 
protein/serine phosphatases during ATRA induced apoptosis 
in the breast cancer cells. The MTT assay was used to 
determine drug-mediated cytotoxicity. A cell death detection 
ELISA kit was used for detection of the DNA fragments. The 
activity of serine/threonine protein phosphatases was assayed 
by the serine/threonine phosphatase system. The expression 
of serine/threonine protein phosphatases was evaluated by 
Western blot. During ATRA treatment, a significant decrease 
in the activity of serine/threonine phosphatases 2A, B and C 
occurred. The decreased activity of PP2 A correlated with the 
up-regulation of PP2A catalytic and PP2A/B y, PP2A/B a 
regulatory subunits. The decrease in activity of the PP2B 
correlated with down-regulation of PP2B catalytic and up- 
regulation of PP2B regulatory subunit expression. In addition, 
there was an up-regulation in PP4C and down regulation in 
PP2C a/6 subunits protein expression. We demonstrated clear 
alteration |n the activity and expression of serine/threonine 
protein phosphatases in breast cancer cells during ATRA 
treatment, and we suggest that the ATRA-induced apoptosis 
of the MCF-7 cells is significantly related to the phos- 
phorylation dynamics. 
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Introduction 

All trans retinoic acid (ATRA) is being utilized in the 
treatment of acute promyelocytic leukemia, early stage head 
and neck, and skin cancer (1-3). They have a regulatory 
effect on cellular biological phenomena such as growth, 
development, proliferation and differentiation (4). Retinoids 
exert their effect at the cellular level via nucleosolic receptors 
(5-8). RARs, RXRs, estrogen (ER) and vitamin D receptors are 
members of the steroid- thyroid receptor superfamily (9,10). 
There is an interaction between ERs and RARs (11,12). All 
these nucleosolic receptors are molecular targets in the 
diagnosis, prophylaxis, and treatment of breast cancer (13- 
15). ATRA selectively inhibits the proliferation of ER 
positive breast cancer cells (16,17). 

Our group has reported the role of serine/threonine protein 
phosphatases during retinoic-acid-induced leukemic cell 
differentiation (18). 

Serine/threonine protein phosphatases are important 
enzymes which have the potential for balancing the 
phosphorylation status of the cell by dephosphorylating ^ 
critical substrates (19,20). The major serine/threonine protein 
phosphatase catalytic subunits in mammalian cells comprise 
four forms which have been designated as protein phosphatase 
type 1 (PP1), 2 A (PP2A), 2 B (PP2B, calcineurin), and 2 C 
(PP2C), based on the classification system proposed by Cohen 
(21,22). The core of PP2A consists of a 36 kDa catalytic 
subunit (PP2A/C) complexed with a constant regulatory 
subunit of 65 kDa (PR 65 or A subunit). This core dimer 
associates with variable regulatory subunits (B subunits). The 
exact function of the regulatory subunits is not yet completely 
resolved but they probably influence substrate specificity and 
subcellular localization (20). 

PP2B has been identified in various tissues, and was 
originally thought to occur primarily in nerve tissue (23). The 
PP2B holoenzyme purified from mammalian cells is a 
heterotrimeric complex consisting of a large -60 kDa catalytic 
subunit, PP2B/A (CNA), PP2B/B (CNB), and calmodulin, an 
-17 kDa Ca^-receptive protein (24,25). The A subunit binds 
calmodulin whereas the B subunit attaches to four molecules 
of Ca ++ . PP2B regulatory subunit, CNB is the key site of 
association for both the CsA- and FK506-immunophilin 
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complexes (25). PP2B is incapable of functioning as a 
phosphatase in vitro when calmodulin or CNB is absent. 
Although sequences of CNB and calmodulin are related, 
neither of the two proteins can replace the other's absence. 
PP2B is required in the activation and proliferation of the T 
lymphocytes to activate the NF-AT transcription factor 
involved in regulation of the interleukin-2 (IL-2) receptor 
gene and NF-kB serving as a molecular switch (26). However, 
the target substrates for the PP2B dephosphorylation which is 
needed to activate gene expression in T cells, have not been 
identified. Calmodulin is implicated as the mediator of Ca ++ - 
dependent regulation of cell cycle progression, and its 
concentration increases two-fold at the Gl/S boundary (27). 
Recent studies suggest that PP2B may play a role in early cell 
cycle events (28,29). 

PP2C is present in many tissues at much lower levels than 
the other types of protein phosphatases (30-32). It has been 
reported that the expression of the PP2C gene is enhanced 
during MyoDl-induced myogenic differentiation of 
embryonic mesenchymal cells (33). 

One of the important new members of the PP2 family is 
PP2X (PP4C). It is a 34 kDa protein whose amino acid 
sequence shows 65% identity to PP2A and 45% identity to 
PP1. Immuno-fluorescence studies revealed that PP4C is 
predominantly associated with centrosomes (34), but its 
function at this location is, at present, unclear. 

The evaluable data demonstrate that there is a significant 
and biologically relevant interaction between the nucleosolic 
hormone receptor family and protein phosphatases family. In 
this study, we investigated the probable relationship of 
serine/threonine protein phosphatases 2 family and ATRA- 
induced cytotoxicity/apoptosis of MCF-7 breast cancer cells 
as a model. 

Materials and methods 

Tumor cells. The human breast cancer cell line MCF-7 was 
kindly provided by Dr J.R. Bertino from Memorial Sloan- 
Kettering Cancer Center, NY, USA. This tumor cell line is 
maintained in culture as adherent cells and cultured in 
RPMM640 plus 10% heat inactivated fetal calf serum added 
to 1% L-glutamine, 1% non-essential amino acids, 10,000 
units/ml penicillin, and 10 \ig/m\ streptomycin. The cell line 
was grown in a humidified atmosphere at 37°C in 5% C0 2 . 
When the tumor cell lines were used as target cells, they 
were treated with trypsin-EDTA, washed, and resuspended in 
the complete medium. All the above material was purchased 
from Sigma Chemical Co. (St. Louis, MO). 

Reagents. ATRA, 3-(4,5-dimethylthiazoyI-2-yl)-2,5-diphenyl- 
tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), 
and phosphate-buffered saline (PBS) were purchased from 
Sigma Chemical Co. The Cell Death Detection ELISAp 1us kit 
was purchased from Boehringer Mannheim, Germany. The 
stock solution of ATRA was prepared in ethanol. 

Rabbit anti serine/threonine PP2A antibody to catalytic 
subunit was obtained from Promega Corporation (Madison, 
USA) and antibodies to 2A/A (65 kDa), 2A/B a (55 kDa), 
2A/B y (55 kDa) were obtained from Biogenesis Ltd. (Poole, 
UK). 



Anti-PP2B catalytic subunit mouse monoclonal antibody 
was obtained from Transduction laboratories, Lexington, UK 
and anti-PP2B regulatory subunit rabbit polyclonal antibody, 
and anti-calmodulin mouse monoclonal antibody from 
Biomol, PA. Anti-PP2C catalytic subunit ct/6 rabbit poly- 
clonal antibody and antiprotein phosphatase PP2X (PP4C) 
catalytic subunit rabbit polyclonal antibody were purchased 
from Biogenesis. Monoclonal human Anti-bcl-2 antibody 
was purchased from R&D systems, Inc. 

Cytotoxicity assay. The MTT assay was used to determine 
drug-mediated cytotoxicity as described previously (35). For 
MTT assay, briefly, target tumor cells were resuspended in 
the medium at 1x10 s cells/ml after verifying cell viability by 
trypan blue dye exclusion assay (Sigma Chemical Co.) (36). 
The stock solution of ATRA was prepared as 10 2 M. After- 
wards 1/10 dilutions were made and the cytotoxicity was 
determined by trypan blue dye exclusion test and MTT assay. 
Incubation time of 72 h was used because of the doubling 
time experiments of the MCF-7 cells beforehand. 

Experiments were performed at least three times with the 
representative data presented. 

DNA fragment detection by ELISA. A cell death detection 
ELISA kit (Cell Death Detection ELISAp 1us ; Boehringer 
Mannheim, Germany) was used according to the manu- 
facturer's instructions for detection of DNA fragments (37). 
The principle of this test is based on the detection of mono- 
and oligo-nucleosomes in the cytoplasmic fractions of cell 
lysates by using biotinylated antihistone- and peroxidase- 
coupled anti-DNA antibodies. An enrichment factor is used 
as a parameter of apoptosis and shown on the Y-axis as mean 
± standard deviation (SD) of triplicates. Assays were performed 
at least three times, and data shown are representative of 
those. 

Preparation of cytosolic fraction. MCF-7 cells (15xl0 6 ) 
were washed three times with ice-cold TBS (pH 7.4) and 
then disrupted in 1 ml of homogenization buffer containing 
20 mM Tris-HCI, pH 7.4, 2 mM dithiothreitol, 2 mM EDTA, 
2 mM EGTA, 0.25 mM sucrose, protease inhibitors 0.1 mM 
leupeptin and 0.02 mM TLCK (N a-p Tosyl-L-lysine-chloro- 
methyl-ketone) by a glass to glass Potter Elvehjem homo- 
geniser. The homogenates were immediately centrifuged at 
1000 x g for 10 min and the supernatant was centrifuged at 
100 000 x g for 1 h. The resulting supernatant was used as 
the cytosolic fraction. 

Protein assay. Total protein concentration in the cell culture 
extracts was measured by the Lowry's method (38). The 
assay was standardised with bovine serum albumin. 

Phosphatase activity. Activities of serine/threonine protein 
phosphatases were assayed by serine/threonine phosphatase 
system (Promega, USA) according to manufacturer's 
instructions. Cell supernatants were extracted from the columns 
in a PP2A, PP2B, PP2C specific medium. The comparison of 
PP2 enzyme activities during ATRA-induced apoptosis of 
the MCF-7 cells with changing concentrations of ATRA, was 
performed in the cytosolic fractions of MCF-7 cells, after 
incubation of ATRA for 72 h. 
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Activity of serine/threonine protein phosphatases was 
determined after washing of debris and dead cells. The 
activity was measured by a non-radioactive method based on 
determination of free phosphate with colour development. 
After treatment, the polypeptide substrate with the enzyme 
samples reaction was terminated with Molybdate Dye/ 
Additive mix at the 3rd min and the dye color (ammonium 
molybdate-malachite green) was allowed to develop for 30 
min. The absorbance was read at 630 nm with a plate reader 
(Coda, Bio-Rad, USA). 

Data were analyzed by ANOVA with significance set at 
P-value of <0.05. 

Western blotting method for detecting Bcl-2, PP2 catalytic 
and regulatory subunits. Cell extract samples incubated by 
ATRA at 72 h were promptly heated (100°C, 5 min) and 
analysed by polyacrylamide gel electrophoresis (PAGE, 
10% gels), followed by Western blotting onto nitrocellulose 
membranes using samples of 20 u,g protein/well. After 
blocking with blotto (5% milk, 0.1% Tween-20, 10 mM 
Tris-HCl, pH 7.5, 150 mM NaCl) for 1 h, the membrane 
was exposed to the primary antibody according to the 
manufacturer's instructions. The secondary antibodies were 
coupled to strepto-avidin-biotinylated alkaline phosphatase 
complex. Serine/threonine phosphopeptide (BCIP/NBT) 
substrate was utilized to achieve the color reaction by AP color 
reactive. The same methods were performed for bcl-2 
detection. 

Results 

Cytotoxic and apoptotic effect of ATRA on MCF-7 cells. The 
IC 50 value was found to be 5xl0" 6 M at 72 h incubation by 
ATRA (Fig. 1). To evaluate probable induction of apoptosis by 
ATRA, the cell suspensions were treated by changing 
concentrations of ATRA. Mono- and oligo-nucleosomes 
were measured. It was shown that the enrichment factor of 
mono- and oligo-nucleosomes increased in correlation with 
the increasing concentrations of ATRA (Fig. 2). 

Effect of ATRA on serine/threonine protein phosphatase 2 
enzyme attivities in MCF-7 cell cytosolic fractions. The 
PP2A pr0tein phosphatase enzyme activity was found to be 
1.19 pmol phosphate/min/^ig protein in the control cytosolic 
fraction without ATRA. After treatment with ATRA it 
showed a gradual decrease in the PP2A activity reaching 
0.89 pmol phosphate/min/jig protein with the increasing 
concentrations of ATRA. The lowest PP2A activity was 
measured with 10 5 ATRA. The total decrease of PP2A 
activity compared with the control was 25.2% (One-way 
ANOVA demonstrated a significant difference, P-value 
<0.05) (Fig. 3A). 

PP2B activity was measured as 1.77 pmol phosphate/ 
min/^ig protein in the control fraction and reached 1.31 pmol 
phosphate/min/[Ag protein by 10" 5 M ATRA and a gradual 
decrease with increasing concentrations of ATRA (One-way 
ANOVA demonstrated a significant difference, P <0.05) 
(Fig. 3B). PP2C activity also decreased from 1.16 to 0.89 
pmol phosphate/min/u.g protein with a total decrease of 
23.3% compared with the control (One-way ANOVA 
demonstrated a significant difference, P <0.05) (Fig. 3C). 
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Figure 1. Cytotoxicity of the MCF-7 cells treated with different 
concentrations of ATRA. The data represent the mean of three different 
experiments with the SD not exceeding 5%. 
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Figure 2. ATRA -induced apoptosis in human breast carcinoma cell line 
MCF-7. The cells were treated with different concentrations of ATRA. 
Apoptosis was examined by determining nucleosomal DNA fragmentation 
using an apoptosis determination kit. Rate of apoptosis is reflected by 
enrichment of nucleosomes in the cytoplasm shown on the Y-axis. The data 
represent the mean of three different experiments with the SD not exceeding 
5%. 



PP2A catalytic and regulatory submit up -regulation during 
ATRA-induced apoptosis of the MCF-7 cells. MCF-7 cells 
were treated with the increased concentrations of ATRA 
from lO 6 to lO 5 M and cytosolic fractions were extracted at 
72 h. The extracts were subjected to immunoblot analysis 
with anti-PP2A antibodies. There was a significant up- 
regulation of PP2A/C catalytic subunit, and PP2A/B y and 
PP2A/B a regulatory subunits. There was no change in the 
expression of PP2A regulatory A subunit (Fig. 4). 

PP2B catalytic subunit down-regulation and regulatory 
subunit up-regulation during ATRA-induced apoptosis of the 
MCF-7 cells. The beforementioned cytosolic extracts were 
treated with anti-PP2B and anti-calmodulin antibodies in the 
immunoblot system. There appeared to be down-regulation of 
the PP2B catalytic subunit and up-regulation of the PP2B 
regulatory subunit. No change occurred with the calmodulin 
expression (Fig. 4 ). 

PP2C and PP4C expression during ATRA-induced apoptosis 
of the MCF-7 cells. Down-regulation in the expression of 
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Figure 3. Protein phosphatase activities in cytosolic fractions of the MCF-7 cells with changing concentrations of ATRA. Protein phosphatase activity was 
measured after the addition of ATRA and compared with control cells. Each point represents the mean value of three separate experiments (SD <5%). After 
treatment with ATRA it showed a gradual decrease in PP2A (A), PP2B (B), and PP2C activity (C). 
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Figure 4. Western analysis of the serine/threonine protein phosphatase and Bcl-2 expression. Homogenates of the MCF-7 cells were fractioned by SDS-PAGE 
(10% gel, 20 ug protein/well), blotted onto nitrocellulose membranes and immunoblots with PP2A catalytic and PP2A/A regulatory subunit PP2A/B a and 
PP2A/B Y regulatory subunits, PP2B catalytic and regulatory subunit, calmodulin, PP2C a/B, PP4C, and bcl-2. There was a significant up-regulation of 
PP2A/C catalytic subunit (1), PP2A/B y (4) and PP2A/B a regulatory subunits (3), PP2B regulatory subunit (6), PP4C (9) and down-regulation of PP2B 
catalytic subunit (5), and PP2C (8). There was no change in the expression of PP2A/A regulatory subunit (2), calmodulin (7), and bcl-2 expression (10) Each 
experiment was repeated at least three times and presented with one representative result. 
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PP2C and up-regulation in PP4C protein expression was 
observed (Fig. 4). 

Bcl-2 expression during ATRA-induced apoptosis of the 
MCF-7 cells. MCF-7 cells were cultured for 72 h in the 
presence of ATRA. Protein extracts were prepared and 
Western blot analysis was performed. As shown in Fig. 4, 
after administration of ATRA no alteration in the bcl-2 
protein expression was detected. 

Discussion 

There is a need for new treatments of breast cancer, which 
cannot be cured with the conventional therapeutic modalities. 
There is also a requirement for an increase of the survival 
advantage in many late stage patients. Therefore, new 
molecular targets and new agents are essential. 

The induction of apoptosis with nucleo-hormone ligands 
is given great importance in cancer therapy. Interactions 
among the nuclear receptor family are reported (1 1,12). It has 
been demonstrated that there is a positive interaction between 
ER and RAR and also that ER positive breast cancer cells 
express more RAR a-receptors than ER negative cells 
(11,12). In addition, it was shown that retinoic acid induces 
ER expression in the MCF-7 cells (39). ATRA is reported to 
induce cytotoxicity and apoptosis in the hormone receptor 
positive breast cancer cell? lines (40-42). However, the 
mechanisms underlying the ATRA-induced cytotoxicity and 
apoptosis are unclear. ATRA exerts its effect by binding to 
the RAR a-receptors in the nucleosol. These receptors function 
as transcription factors when bound to ATRA. It is known 
that the ATRA-RAR a complex affects critical sequences 
related to Gl-S check point and suppresses proliferation (41). 
In the leukemic cell lines, ATRA induced bcl-2 down- 
regulation and resulting apoptosis was demonstrated (43,44). 

The activation and inactivation of critical substrates 
related to apoptosis are significantly affected by the 
phosphorylation status. The phosphatases, which are 
responsible for dephosphorylation, are activated in contrast 
to kinases and have an important role in the proliferation- 
apoptosis uncoupling. Our group has demonstrated a significant 
relationship between the PP2A expression and leukemic cell 
differen^ation in the HLA 60 and K562 myeloid leukemia cell 
lines (45,46). We demonstrated PP2A catalytic subunit down- 
regulation during ATRA-induced leukemic differentiation. 
Ratnasinghe et al reported a decrease in the PP2A expression 
and activity in adriamycin resistant MCF-7 cells (47). 
Gopalakrishna et al reported that the PP2A activity is higher 
in ER positive MCF-7 than in ER negative MCF-7 cell lines, 
indicating that PP2A has a role in the interaction of MCF-7 
and drug-induced apoptosis (48). 

In this study, we demonstrated that there was a clear 
alteration in the activity and expression of the serine/threonine 
protein phosphatases in breast cancer cells during ATRA 
treatment. Our findings show a clear-cut decrease in the 
activity of the PP2A together with B regulatory subunit up- 
regulation. In addition, we found a decrease in PP2B activity 
in concordance with PP2B catalytic subunit down-regulation, 
whereas, the PP2C activity was decreased and the PP4C 
expression increased. Altogether we suggest that the PP2 



family strongly interacts with the critical substrates related to 
ATRA-induced apoptosis. 

Finally, we have investigated the expression of the bcl-2 
which is thought to protect against the apoptosis in ATRA- 
treated breast cancer cells, in our investigations bcl-2 
expression was unaffected. It has not been demonstrated so 
far that the expression of the bcl-2 is directly regulated by 
ATRA. Probably, bcl-2 is being regulated by the dephos- 
phorylating serine/threonine protein phosphatases. The bcl-2 
phosphorylation after ATRA is a post-translational 
modification which is associated with a shortened half-life and 
may contribute to a change in its function, perhaps through 
degradation (49). 

The decreased PP2A activity can be explained by the 
PP2A 6 regulatory subunit up-regulation. Our group showed 
that the B subunits exert an inhibitory effect on the catalytic 
subunit (18). 

We believe that the underlying mechanisms of ATRA- 
induced cytotoxicity and apoptosis will open new therapeutic 
windows in breast cancer therapy. ATRA, in conjunction 
with hormonal/chemotherapeutic agents and/or serine/ 
threonine protein phosphatase inhibitors may be utilized in 
combination therapy. 
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The mRNA levels of three phosphoseryl/phosphothreonyl protein phosphatases, PP1, PP2A and 
PP2C, in rat liver have been determined by Northern blot analysis in various stages of rat chemical 
hepatocarcinogenesis using a Solt-Farber model. Five weeks after administration of diethyl- 
nitrosamine, the mRNA levels of PPl a , PP2A and PP2C were elevated 8, 29 and 11 times, 
respectively, as compared to those of the control livers. However, in primary hepatoma induced 
according to the Solt-Farber model, the mRNA levels of all three protein phosphatases were 
dramatically decreased to normal levels or even to much lower levels, whereas the mRNA level of 
glutathione 5-transferase placental form, a tumor marker protein, was greatly elevated as compared 
with that of the control livers. In a poorly differentiated hepatoma AH13, a line of rat ascites 
hepatoma, the mRNA level of PP1*, was 5.6 times higher than that of the control livers, whereas the 
mRNA level of PP2C was almost the same as that of the control livers and the level of PP2A mRNA 
was distinctly lower than that of the control livers. These data appear to suggest some involvement of 
protein phosphatases in hepatocarcinogenesis. 
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Reversible phosphorylation of protein has now been 
recognized as a major regulatory mechanism of various 
cellular functions. 1 " 3 * The fact that most oncogene prod- 
ucts have protein kinase activity strongly suggests that 
cell growth is also controlled by phosphorylation/dephos- 
phorylation of target proteins. 4,5 * In the past several 
years, our knowledge of protein phosphatases has enor- 
mously increased. At present, four principal phospho- 
seryl/phosphothreonyl protein phosphatases, termed 
PP1, PP2A, PP2B and PP2C, are known. 0 The nucleo- 
tide sequences of the cDNAs of these molecular species 
have been reported. 6 " 10 Recently, evidence suggesting 
important roles of protein phosphatases in growth con- 
trol of cells has been accumulating, although the mecha- 
nisms involved are not known in any detail. Suganuma et 
al reported that okadaic acid, a potent inhibitor of PP1 
and PP2A, has strong promoter action in skin carcino- 
genesis. 12 * In contrast, Sakai et al. reported flat reversion 
by okadaic acid of ra/and ret-ll transformants. 13 * Muta- 
tions of PP1 gene induce abnormal cell division. 14 " 16 * 
PP2A was reported to exist as complexes with viral 
oncogene proteins. 17 * 



6 To whom correspondence should be addressed. 
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We previously reported the separation, purification 
and characterization of protein phosphatases from rat 
livers, and neoplastic alterations of the phosphatase ac- 
tivities in rat hepatoma cells. 18 " 21 * Also, we showed that 
PP2C was replaced by the novel phosphatase H and that 
the enzyme activity of a divalent cation-inhibited protein 
phosphatase termed phosphatase N was tremendously 
increased in AH13. 22 ' 23 * On the basis of their nature and 
properties, phosphatases H and N are supposed to belong 
to the PP2C and PP1 types, respectively. Recently, we 
reported the nucleotide sequence of the PP1 CT cDNA 
from rat kidney, and a remarkable elevation in the PPl a 
mRNA level in AH13. 10) To elucidate the physiological 
significance of the neoplastic alterations of protein 
phosphatase, we have analyzed by Northern blot analysis 
the expression of the mRNAs of protein phosphatases 
PP1, PP2A and PP2C during hepatocarcinogenesis and 
in AH 13. In the present paper, the significance of these 
results is discussed in relation to hepatocarcinogenesis. 

MATERIALS AND METHODS 

Animals, tissues, and hepatomas Male Sprague-Dawley 
rats ( 1 50-200 g) were subjected to a carcinogenic treat- 
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ment using a Solt-Farber model. 24, 25) Animals were ini- 
tially injected with DEN 7 (200 mg/kg ip), followed by a 
diet containing 0.02% (w/v) AAF for 4 weeks, starting 
2 weeks after administration of DEN, then subjected to 
partial hepatectomy 1 week after initiation of AAF. 
Primary hepatoma was also induced in male Sprague- 
Dawley rats (150-200 g) according to the Solt-Farber 
model. AH13, a line of rat hepatoma, was inoculated 
intraperitoneally into Donryu rats. 26) The hepatoma cells 
were harvested 5 days after inoculation, washed with 
physiological saline and stored at — 80°C until use. 
Poly(A) + RNA preparations One gram of liver tissue 
was homogenized with a Polytron homogenizer (Kine- 
matica, Switzerland) in a solution of 5 M guanidinium 
thiocyanate, 50 mM Tris-HCl, pH 7.5, 25 mM EDTA 
and 0.1 M 2-mercaptoethanol (soln. A). Cold ethanol 
(0.3 volume) was added to the homogenate, and the 
mixture was centrifuged for 5 min at 10,000 rpm at 
— 10°C. The pellet was suspended in soln. A, homog- 
enized and centrifuged for 3 min at 10,000 rpm at 4°C 
After ethanol precipitation, the RNA preparations were 
suspended in 6 M guanidine hydrochloride, 25 mM 
EDTA and 0.1 M 2-mercaptoethanol, and precipitated 
with ethanol. The precipitates were dissolved in water, 
applied to an oligo(dT) cellulose column, washed with 
washing buffer (10 mM Tris-HCl, pH 7.5, 2 mMEDTA, 
0.1% SDS, 0.1 MNaCl), and then eluted with elution 
buffer (10 mM Tris-HCl, pH 7.5, 2 mMEDTA, 0.02% 
SDS). The eluates were used as poly(A) + RNA fraction 
for Northern blot analysis. 

cDNA probes The Pstl-SmdL fragment of 600 bp, the 
BsiEU BgM fragment of 410 bp, and the Pstl-Sali frag- 
ment of 550 bp were prepared from cDNAs of PPl a , 
PP2A a and PP2C„ respectively. 8 ' 101 The full-length 
GST-P cDNA was a generous gift from Dr. Masaharu 
Sakai (Hokkaido University) and Dr. Masami 
Muramatsu (University of Tokyo). 25 * 27,28) The DNA 
fragments were labeled with [a- 32 P]dCTP by using the 
Multiprime/ DNA Labeling Kit (Amersham Interna- 
tional pic, i Buckinghamshire, England) and used for 
Northern blot analysis as probes. 

Northern blot analysis of RNA Northern blot analysis 
was performed as described elsewhere. 10) Five#g of poly- 
(A) + RNA was electrophoresed on 1.2% agarose gel 
containing 6% formaldehyde. RNA was transferred to a 
nitrocellulose membrane (Schleicher & Schuell, Dassel, 
Germany). After being baked at 80°C for 2 h under 
vacuum, the filters were prehybridized in 5 X SSPE ( 1 X 



7 Abbreviations used in this paper: DEN, diethylnitrosamine; 
AAF, 2-acetylaminofluorene; MeDAB, 3'-methyl-4-dimethyl- 
aminoazobenzene; SDS, sodium dodecyl sulfate; EDTA, 
ethylenediaminetetraacetic acid; GST-P, glutathione ^trans- 
ferase placental form. 



SSPE; 1.8 MNaCl, 0.01 MNaH 2 P0 4 , 0.1 mMEDTA), 
5XDenhardt*s solution, 100//g/ml denatured DNA and 
50% formamide overnight at 42°C. Hybridization was 
performed in the same solution with the multiprime 
radioactive cDNA probes described above overnight at 
42°C Filters were then washed twice in 5 X SSPE at 
room temperature for 10 min, followed by washing at 
50°C for 30 min in 5 X SSPE containing 0.1% SDS, 
followed by 0. 1 X SSPE containing 0. 1 % SDS at 65°C for 
2 h. Filters were exposed to XRP-5 X-ray film (Eastman 
Kodak Company, Rochester, NY) at -80°C with in- 
tensifying screens. The density was scanned with a 
densitometer (Shimadzu dual-wavelength TLC scanner). 
The filters were reused several times after the probes had 
been removed by washing the filters in 0. 1 X Denhardt's 
solution containing 2 mM EDTA and 5 mM Tris-HCl, 
pH 8.0, at 70°C for 2 h. 

Chemicals Guanidinium thiocyanate and guanidine 
hydrochloride were purchased from Fluka Chemie AG 
(Buchs, Switzerland) and Wako Pure Chemical In- 




Fig. 1. Expression of PP1 mRNA in hepatocarcinogenesis. 
Five fig samples of poly (A) + RNA in livers at various stages of 
chemical carcinogenesis according to the protocol of the Solt- 
Farber model and in a primary hepatoma induced according to 
the same protocol were subjected to Northern blot analysis 
using a) Pstl-Smal fragment of PPl a cDNA and b) GST-P 
cDNA as probes, respectively. Other conditions are described 
in the text. Lane 1, control; lanes 2-6, 2, 3, 4, 5, and 6 weeks 
after administration of DEN, respectively; lane 7, primary 
hepatoma induced according to the Solt-Farber model. 
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dustries. Ltd. (Osaka), respectively. [a- 32 P]dCTP and 
oligo(dT) cellulose were purchased from DuPont/NEN 
Research Products (Boston, MA) and Pharmacia LKB 
Biotechnology AB (Uppsala, Sweden), respectively. 

RESULTS 

Expression levels of PP1 mRNA Expression levels of 
PP1 mRNA were analyzed by Northern blot analysis in 
livers at various stages of chemical hepatocarcinogenesis 
according to the Solt-Farber protocol and in a primary 
hepatoma induced according to a Solt-Farber model. 
As shown in Fig. 1, a single band of 1.5 kb was detected 
in all samples employed, corresponding to mRNA of 
PPl a . 10) After administration of DEN, the mRNA level 
gradually increased, reached the maximum 5 weeks after 
administration (8 times higher than that of control 
livers) and then began to decline. In primary hepatoma 
induced according to a Solt-Farber model, the mRNA 
level was similar to the control level. Under identical 
conditions, the expression of GST-P mRNA was remark- 
ably elevated as previously reported. 25) 
Expression levels of PP2A mRNA The mRNA levels 
of PP2A were determined under identical conditions of 




Fig. 2. Expression of PP2A mRNA in hepatocarcinogenesis. 
Experimental conditions in a) and b) were essentially identical 
to those in Fig. 1 except that Pstl-Smal fragment of PPl a 
cDNA was replaced by BsiEll-Bg&l fragment of PP2A, 
cDNA. Lane 1, control; lanes 2-6, 2, 3, 4, 5, and 6 weeks after 
administration of DEN, respectively; lane 7, primary hepatoma 
induced according to the Solt-Farber model. 



Northern blot analysis except that the probe for PP2A 
was used. As already reported, two mRNA bands (a 
major one of 2.0 kb and a minor one of 2.7 kb) were 
detected. 8 * As shown in Fig. 2, the major band increased 
during hepatocarcinogenesis, being 29 times higher at 5 
weeks after administration of DEN than that of the 
control livers. In the primary hepatoma, the mRNA level 
of PP2A was similar to the control level. 
Expression levels of PP2C mRNA Figure 3 shows the 
results of Northern blot analysis of PP2C. With PP2C, 
a similar gene expression pattern to those of PP1 and 
PP2A was observed during hepatocarcinogenesis. Five 
weeks after administration of DEN, the mRNA level of 
PP2C was 1 1 times higher than that of the control rats. 
In the primary hepatoma, the PP2C mRNA level was 
lower than that of the control livers. 
mRNA levels of protein phosphatases in AH13 In ac- 
cordance with our previous results, 10) the mRNA level of 
PPl a in AH 13 was 5.6 times higher than that of the 
control livers (Fig. 4). As the primary hepatoma induced 
by MeDAB showed a slight increase in the gene ex- 
pression as compared to the control livers (not shown), 
these results strongly suggest an enhancement of the gene 
expression of PPl a during progression of hepatocarcino- 




Fig. 3. Expression of PP2C mRNA in hepatocarcinogenesis. 
Experimental conditions in a) and b) were essentially identical 
to those in Fig. 1 except that the Pstl-Smal fragment of PPl a 
cDNA was replaced by the Pstl-SaK fragment of PP2C cDNA 
Lane 1, control; lanes 2-6, 2, 3, 4, 5, and 6 weeks after 
administration of DEN, respectively; lane 7, primary hepatoma 
induced according to the Solt-Farber model. 
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Fig. 4. Expression of PP1, PP2A and PP2C mRNAs in AH 13 
and in liver. Five//g samples of poly (A) + RNAs from AH 13 
hepatoma cells and control rat livers were subjected to North- 
ern blot analysis. Probes used for PP1 and GST-P, PP2A, and 
PP2C were identical to those described in the legends to Fig. 1, 
Fig. 2, and Fig. 3, respectively. Other conditions are described 
in the text. 



genesis. In striking contrast to PPl a , the gene expres- 
sion of PP2 A was much lower in AH 1 3 than the control 
livers, whereas there was no alteration in the mRNA 
level of PP2C. 

DISCUSSION 

The present study demonstrates that expression levels 
of mRNAs of protein phosphatases PPl a , PP2A and 
PP2C were remarkably elevated in livers at preneoplastic 
stages of hepatocarcinogenesis, but was decreased in 
primary hepatoma to below the control level. In AH 13, a 
poorly differentiated hepatoma line, the mRNA level of 
PPl a was greatly and selectively elevated as compared 
with that of the control livers, whereas the mRNA levels 
of PP2A and PP2C in AH 13 were decreased and un- 
changed from the control values, respectively. 

Two weeks after administration of DEN, altered foci 
appeared in the livers. But, upon administration of AAF 
at this stage, the foci mostly disappeared because of the 
toxicity of AAF. Thereafter the area of hyperplastic 



nodules gradually increased. The ratios of area of 
hyperplastic nodule cells to area of normal liver cells at 
4, 5, and 6 weeks after administration of DEN were 
0.05-0.10, 0.25-0.30, and 0.42-0.54, respectively. 25 * The 
mRNA levels were significantly increased 3 weeks after 
administration of DEN. At this stage, hyperplastic 
nodules were very small, and the mRNA levels of GST-P 
were also very low. Then the phosphatase. mRNA levels 
further increased, but the patterns of this increase varied 
from experiment to experiment. In most cases, the 
mRNA levels at 4 weeks after administration of DEN 
were slightly lower than those at 3 weeks and 5 weeks 
after the administration as shown in Figs. 1-3. However, 
in some cases, the mRNA levels at 4 weeks after the 
administration were intermediate between those at 3 
weeks and 5 weeks after the administration. So we have 
presented what we regard as typical data. We speculate 
that the increase at 3 weeks after the administration of 
DEN might be ascribed to the response of normal liver 
cells to DEN, the levels being transiently decreased 4 
weeks after the administration probably because of the 
toxicity of AAF to liver cells, and then increased because 
of the formation of hyperplastic nodules. So the levels at 
4 weeks after the administration seem to reflect the 
influences of at least two factors, i.e., response to DEN 
and formation of hyperplastic nodules. 

The decreases of the mRNA levels in primary hepa- 
toma were unexpected, because previous studies revealed 
elevation of the mRNA levels of PP1 and PP2A in 
hepatoma cells. 8, 10) In the primary hepatoma presented 
here, in which the mRNA levels of protein phosphatases 
were all decreased, the mRNA level of GST-P, a tumor 
marker protein, was dramatically elevated, as already 
reported. 25, 27,28) These results exclude the possibility that 
the decrease in the mRNA levels in the primary 
hepatoma was due to artifacts during preparation of the 
RNAs used. Increase in protein kinase activities during 
hepatocarcinogenesis and in hepatomas has been re- 
ported. 29, 30) We have also reported an increase in casein 
kinase 1 activity in AH13. 26) Moreover, Beer et al 
reported the elevation in rat hepatoma cells of mRNA 
for c-raf f which encodes a protein kinase catelyzing 
the phosphorylation of serine and threonine. 31 } Also, 
Maridor et al reported that expressions of mRNA for all 
three subunits of casein kinase II were high in early 
embryos and decreased substantially during embryo- 
genesis, suggesting involvement of this protein kinase in 
control of cell proliferation. 32) Persons et al reported that 
transfection of NIH 3T3 fibroblasts with protein kinase C 
enhanced tumorigenicity via enhancement of the mRNA 
levels of the PKC-I. 33) These results, taken together, 
suggest that the mRNA levels of protein kinases might be 
predominant, at least in primary hepatomas, over those 
of protein phosphatases. 
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Recently, evidence demonstrating involvement of 
both phosphorylation and dephosphorylation in the cell 
cycle has been accumulating. 3 * 06 * Taking account of 
these facts, our present results appear to show an impor- 
tant role of protein phosphatases in the regulation of cell 
growth at preneoplastic stages of hepatocarcinogenesis. 
It is of geat interest that there was a striking difference 
in gene expressions of protein phosphatases among livers 
at preneoplastic stages, primary hepatoma, and trans- 
planted, poorly differentiated hepatoma AH 13. Since not 
only PP2A but also PP1 can form heterooligomers and 
their activities are subject to multiple control mecha- 
nisms, these alterations in mRNA levels might not neces- 
sarily reflect the protein phosphatase activities. But these 
features of the gene expression may represent a new 
control mechanism of protein phosphatase. It is tempting 
to suggest a relationship of the elevation of PPl a mRNA 
levels to malignancy during the progression of hepato- 
carcinogenesis. 

We previously reported a decrease in the enzyme ac- 
tivity of PP2C and emergence of the novel protein 
phosphatase H. 22) We also found in AH13 a marked 



increase in protein phosphatase N belonging to the PP1 
category. 23) These previous results may be reflections of 
the increase in gene expression of PP1 presented in this 
paper. Attempts to elucidate the relationship between 
those enzymatic alterations previously reported and the 
present data on the mRNA levels are in progress. 
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